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INTRODUCTION 
Mendel's second law states that pairs of alleles from 
different loci assort independently when gametes are formed. 
Of course, this rule requires pairs of alleles to be located 
on different chromosomes. Since more genes exist than do 
chromosomes, each chromosome contains more than one gene which 
gives rise to the phenomenon of "linkage." 
Linkage is expressed phenotypically by parental combin­
ations of traits occurring In hybrid offspring in a higher 
frequency than expected by independent assortment. New com­
binations of linked traits result from "crossing over," a 
phenomenon which involves the exchange of comparable parts 
between two homologous chromatids and is measured as a recom­
bination of phenotypic traits. 
Linkage can often be a handicap to the plant breeder, 
especially in self-pollinated crops, because where linkage 
exists between loci for two traits, the segregating generations 
of a cross between strains will give a majority of progeny with 
parental genotypes. Recombination of the two traits will be a 
function of the distance separating the linked genes; if the 
tightly linked loci are in undesirable parental combinations, 
selection of progeny with new and desirable combinations is 
difficult. Consequently, a selection program may be hindered 
by the depressed release of variability resulting from the 
linked state. In such a situation it would be expeditious if 
2 
the plant breeder could employ breeding plans or auxiliary 
techniques to enhance crossing over and recombination. 
My primary objective in this study was to test the 
effects of two extrinsic factors on crossing over as measured 
by genetic recombination in Zea mays L, The antibiotic, actin-
omycin D, has increased crossing over in Drosophila (Suzuki, 
1963, 1965a), and abnormal calcium availability has produced 
significant increases in chiasma frequency in Plantago ovata 
(Palival and Hyde, 1957). 
My secondary objective was to study the process of 
crossing over and the relationship between crossing over and 
genetic recombination. 
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REVIEW OF LITERATURE 
Linkage, chiasma formation, crossing over, and genetic 
recombination are among the most intensely researched areas 
in genetics. However, knowledge about these phenomena still 
remains a gray area. 
Theories of Crossing Over 
According to Sturtevant (I965), the first report of link­
age was in 1900 by Correns, who observed a strict 3:1 ratio for 
the parental combination of two traits in the F2 generation of 
a cross of Matthiola stocks. He explained the absence of other 
combinations of the two traits on the basis of complete link­
age. Bateson, Saunders, and Punnett (1905)» working with sweet 
pea varieties which differed in two characters, observed "in­
complete linkage" since the F2 progeny of a cross did not give 
ratios of non-parental genotypes expected with true Mendelian 
inheritance. They coined the terms "coupling" and "repulsion" 
to refer to situations in which two linked dominant genes were 
contributed by one parent or in which the two dominants came 
from different parents, respectively. From classification of 
P2 cultures, they suggested progeny from such crosses fall in­
to a series which, according to Sturtevant (1965), approximates 
(2^-1):!. Prom this work, Bateson (I905) formulated the first 
theory of the mechanism of crossing over, the "reduplication" 
hypothesis. According to this postulate, segregation does 
not occur at meiosis but at some earlier time and not neces-
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sarily simultaneously for both pairs of genes. Thus the hap-
loid cells multiply at different rates, resulting in abnormal 
ratios. But Morgan (I9IO), working with the inheritance of 
the sex-linked trait, white eyes, in Drosophila, found recom­
bination between genes controlling white eyes and rudimentary 
wings, proving that new combinations of linked traits are the 
consequence of recombination between two genes on the same 
chromosome and not from differential rates of cell division. 
An early hypothesis of the mechanism of crossing over was 
the "chiasmatype" or "one plane theory" suggested by Janssens 
(1909, 1924). He proposed that a chiasma is the cytological 
equivalent and direct consequence of crossing over between 
non-sister chromatids. Paired chromosomes split longitudi­
nally to give a quadrapartite structure composed of two daugh­
ter strands from each original chromosome, and occasional 
mechanical exchanges between strands result in chiasma forma­
tion. This hypothesis gained support from work by Stern (1931) 
with Drosophila and by Creighton and McClintock (1931) with 
maize that showed genetic recombination was accompanied by an 
exchange of chromatin. Similarly, Brown and Zohary (1955) 
demonstrated a parallelism between crossing over and chiasmata 
which led them to suggest that in Lilium crossing over occurs 
between the onset of pairing and diplotene. 
Belling (1933) stated that crossing over must be so pre­
cise that no genes are lost in the exchange between homologues. 
His hypothesis suggested a chromosome reproduces by the for­
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mation of partial replicas between chromomeres; if the chromo­
somes overlap when replicas connect with the chromomeres, a 
crossover occurs. If chromomeres carry the genes, the problem 
of gene loss is eliminated. 
Advanced by Sax (1932), the "classical hypothesis" pro­
posed that a crossover occurs when a chlasma causes severing 
and the broken ends of non-sister strands reunite. This hy­
pothesis has been rejected since it necessitates a reduction 
in chiasmata at metaphase I, an expectation never observed. 
Darlington (1935» 1937) hypothesized that two undi­
vided, homologous chromosomes at meiosis are relationally 
colled about each other to satisfy a two-by-two association. 
When new chromatids are formed, they coil about the original 
chromatids in opposite directions to the coiling of the homo­
logues, and the longitudinal cohesion of the two chromosomes 
is upset. Repulsion forces the homologues apart, causing a 
tension to develop which eventually ruptures two non-sister 
chromatids to relieve the pressure. If the broken ends rejoin 
in a non-sister association, a crossover occurs. Crossed 
chromatids observed in a chlasma are the original parental 
chromatids which have retained their relational coiling, where­
as the outside chromatids represent the exchanges. 
Recent theories generally imply that crossing over may 
occur before meiosis commences and therefore may be associated 
with DNA replication. Schwartz (195%) suggested that crossing 
over is the result of two events; (1) exchange between newly 
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formed chromatids of homologous chromosomes and (2) exchange 
between sister chromatids. The two events may occur at dif­
ferent times. Similar to the hypothesis of Belling (1933), 
Schwartz theorized that chromosome duplication results from 
joining of genie materials which have been synthesized with 
the original chromosome as a template. When the partial rep­
licas join in a non-sister association, a crossover results. 
This mechanism necessitates genie duplication earlier than 
chromosome replication, an idea which Taylor (1957) refutes 
because it requires DNA replication after zygotene. He showed 
that DNA content of the nucleus in many organisms (mouse, 
Tradescantla, etc.) does not change during melosls and DNA 
synthesis occurs only during premeiotic Interphase. However, 
Schwartz's theory is supported by Hotta, Ito, and Stern (1966), 
who demonstrated that in Llllum a distinct DNA component is 
produced between zygotene and pachytene during melotlc pro­
phase. The latter authors state "synthesis during zygotene 
represents a delayed replication of certain chromosome regions 
and DNA synthesis during pachytene represents a repair of 
breaks associated with crossing over." 
Moens (1964) suggested that for tomato and possibly corn 
homologues pair during or before premeiotic interphase. Grell 
and Chandley (1965) found in Drosophlla that DNA synthesis and 
crossing over were roughly coincident and occurred in the early 
l6-cell cysts which corresponded to premeiotic Interphase, 
Maguire (1968) showed that heat treatments applied to maize 
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plants 72 hours before quartet stage (premeiotlc Interphase 
to synizesis) resulted in a significant Increase in crossing 
over. Earlier or later treatments produced no effect, so 
she concluded that premeiotic interphase was the period for 
crossing over. 
Prom this brief review of the literature pertaining to 
the theories of crossing over, one can readily see that no 
single accepted explanation of this rather complex phenomenon 
exists. 
Factors Affecting Crossing Over 
Gowen (1919) stated, "Crossing over is one of the most 
variable phenomena known, indicating that the mechanism of 
crossing over is not as precise as that found in most physio­
logical studies." His coefficients of variability ranged from 
18^ to 59% for single crossovers and from 67% to 110% for 
double exchanges, Stadler (1926) studied the variability 
associated with crossing over in maize and found if sampling 
errors were eliminated, the variability among estimates was 
moderate. Heterogeneity of estimates was greater for short 
than for long chromosome segments, and female gametes displayed 
more variation than male gametes. Such observations resulted 
in the conclusion that crossing over may be greatly influenced 
by both intrinsic and extrinsic factors and have led to many 
studies about effects of environmental factors on chiasma fre­
quency and crossing over. 
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Intrinsic factors 
Intrinsic factors such as chromosomal rearrangements and 
structures can drastically affect crossover frequency. 
Mather (1939) demonstrated that the centromere region in 
Drosophila chromosomes, which is mostly heterochromatin, is 
nearly devoid of crossing over. When he moved the centromere 
of the X-chromosome through inversions, the normally distal 
segments appeared to have shorter map distances when placed 
closer to the centromere. This suggested the centromere 
caused a reduction in crossing over. According to Thompson 
(1964a), the centromere effect on crossing over was a function 
of decreased pairing of homologous chromosomes in the centric 
region. Brown (1966) implied a genetic control of the "cen­
tromere effect" through hereditary factors located in the het­
erochromatin. Such genes may be different from the genes lo­
cated in the euchromatin. 
Kikudome (1959) observed that the abnormal-10 chromosome 
in the maize genome increased crossing over in the wd-wx region 
of chromosome 9 and decreased it in the r-srg region of chrom­
osome 10, the latter immediately adjacent to the knob. He 
theorized the effect on chromosome 9 could be controlled by 
genes located in the abnormal knob segment of abnormal-10. 
The intrachromosomal effect could be the consequence of weak 
pairing of the non-homologous knobbed and non-knobbed segments 
in the heterozygous stocks tested. Procunier and Suzuki 
(1967) found that all compound-X chromosomes they studied 
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(reverse acrocentric, compound ring, tandem metacentric, tan­
dem acrocentric, and tandem ring) resulted in increased map 
length and decreased interference in the other chromosomes of 
the Drosophila genome. Introduction of a Y-chromosome re­
stored normal interference. The greatest inter-chromosomal 
effects occurred around the centromeres and in neighboring 
heterochromatic regions. 
Many researchers have suggested genetic control of meiosis 
and crossing over; for example, Rees (1955) in rye; Stadler 
and Towe (1962) and Cameron, Hsu, and Perkins (196?) in Neuro-
spora; and Hinton (1967) in Drosophila. 
Extrinsic factors 
A frequently utilized extrinsic factor is temperature. 
Working with Drosophila, Plough (1917, 1921) discovered 
crossover Increases at 13°C and 31°C, when the control incu­
bation temperature was 22°C. His studies showed the greatest 
temperature effect around the centromere and showed that eggs 
In the gonial stage had marked Increases in crossing over, 
whereas eggs in other developmental phases when treated were 
not affected. Similar results were observed by Stern (1926) 
and Graubard (193%). White (1934) found that In three species 
of locust, Locusta mlgratoria, Schlstocerca gregarla. and 
Stenobothrus parallells. peaks of increased chiasma frequency 
occurred with treatments at 10°-15°C and 45°C, but there 
seemed to be no apparent centromere effect. He explained 
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that at low temperatures Interference was at a maximum, but at 
high temperatures it was reduced, and distances between chias-
mata became shortened. He could not explain the absence of a 
centromere effect. Elliott (1955) observed no temperature ef­
fect on Locusta migratoria (Orthoptera) or Endymion nonscrip-
tus (Liliaceae), but in Hyaclnthus orlentalls (Lillaceae) he 
found a progressive reduction in chiasma frequency at tempera­
tures below 20°C. 1 He theorized the reduction was primarily a 
consequence of reduced pachytene pairing, but he could not ex­
plain the absence of effects in the other species. According 
to Rifaat (1959) Neurospora crassa showed the greatest temper­
ature effect on crossing over in the immediate centromere re­
gion. McNelly and Frost (1963) demonstrated that this centro­
mere effect decreased along the chromosome arm so that in dis­
tal regions the frequency of crossing over was equal to the 
control regardless of temperature. 
Elevated temperature increased crossing over within and 
adjacent to a paracentric inversion in barley studied by 
Powell and Nilan (1963). These authors suggested that in a 
crop improvement program genetic recombination may be en­
hanced by adjusting the growing temperature of the Fi plants, 
thereby giving a wider choice of genotypes for selection. 
Innumerable studies utilizing several kinds of or­
ganisms have measured the effects of radiation treatments on 
crossing over and chiasma frequency. Using severe rgdium 
radiation. Plough (1924) observed increased crossing over for 
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Drosophila in eggs in the oôgonial state, whereas the eggs 
nearing meiosis displayed a decreased frequency of exchange. 
The same results were obtained with X-rays by Mavor and Sven-
son (1924a, 1924b), who postulated that radiation affects 
either the chromosome or some related portion of the meiotic 
mechanism, whereas temperature acts directly on the process of 
crossing over. Similarly, Muller (1925) reported that light 
doses of X-rays increased crossing over in the "central" 
regions of autosomes II and III of Drosophila, and strong 
doses increased it in "sub-central" regions of autosome III 
but produced little or no effect in similar regions of chrom­
osome II. Therefore, Muller predicted a differential influx 
ence of X-rays dependent upon chromosome or chromosome region. 
Mather (1934) found increased chiasma frequency in Vicia faba 
and Tradescantia bracteae meiotic cells produced a long time 
after the radiation treatment, whereas meiotic cells produced 
immediately following the treatment were unaltered. Since 
his experiments were designed to determine effects of X-rays 
on chromosome aberrations, etc., differences in chiasma fre­
quency he observed may not have been significant. Crossing 
over in Drosophila males was induced by Patterson and Suche 
(1934) with X-ray treatment of immature spermatocytes in a 
premeiotic mitosis stage, indicating an interruption of some 
process which normally inhibits crossing over in males. Pos­
sibly X-rays prolonged the time of pairing of homologues. 
Mitra (1958) observed two sensitive periods (premeiotic inter-
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phase and late diplotene) to X-rays in Lilium longlflorum. 
and Lawrence (1961b) found three sensitive periods in Lilium, 
premeiotic interphase, late zygotene-early pachytene, and late 
diplotene. When treated with gamma radiation, the premeiotic 
interphase period showed lowered chiasma frequency, whereas 
treatment of the other two stages displayed increased chias-
mata, (Mitra observed increases for both periods.) Similar 
results (but no effect on late diplotene) were observed in 
Tradescantia paludosa and Chlamydomonas reinhardi (Lawrence, 
1961a, 1965). The premeiotic interphase results were ex­
plained by radiation treatments delaying DNA synthesis and 
causing unsynchronized cell growth and division and decreased 
chiasma formation. The later effect could be the consequence 
of an inhibition of interference. An interesting hypothesis 
advanced by Lawrence (1961a, 1965) was that X-rays at both 
stages might cause unbalanced energy relations in the nucleus. 
Westerman (196?) found that X-rays applied to germ line cells 
of male Schistocerca gregaria during premeiotic DNA synthesis 
caused decreased chiasmata, but treatments at leptotene or 
early zygotene increased chiasmata. 
At the waxy locus in maize, Briggs and Smith (1965) found 
X-radiation both increased and decreased intragenic recombin­
ation. Since these results are in direct opposition with 
those obtained by Stadler (1928) for intergenic recombination 
in corn (no effect with X-rays), the authors suggested that 
different mechanisms may control inter- and intragenic recom­
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bination. 
Obviously, the influence of radiation on crossing over 
is variable, depending upon dosage used, time of application, 
and the specific chromosome or chromosome segment studied. 
Recent evidence suggests that various chemicals may be 
useful in the manipulation of crossover frequencies. Stef-
fensen, Anderson, and Kase (1956) found that O.OIM ethylene 
diamine tetra-acetic acid (EDTA) plus 0.04M potassium added 
to Drosophila media produced a 20% increase in crossing over. 
When EDTA was added alone (O.OIM to 0.08M), however, no effect 
was observed, Kaufmann, Gay, and McElderry (1957) demon­
strated that ribonuclease increased meiotic crossing over in 
the X-chromosome of Drosophila. Intensity of modification 
depended upon concentration of ribonuclease and was highest 
in the heterochromatic regions. Perhaps the effect was a 
consequence of alterations in the nucleoprotein. By treat­
ment with 5-fluorodeoxyuridine (PUDR), Esposito and Halliday 
(1964) induced mitotic crossing over in Ustilago maydis cul­
tures. They proposed that PUDR must "...produce a state of 
unbalanced growth in the cell which favors pairing of homolo­
gous chromosomes and subsequent recombination," Another "re-
combinogenlc" chemical, mitomycin C, was studied by Suzuki 
(1965b). Concentrations of 10 and 100 jj.g/ml added to the 
media significantly increased crossing over in Drosophila 
cells in the gonial stage at the time of treatment, A slight 
decrease in fertility with increased concentrations suggested 
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a physiological as well as a genetic effect. He concluded 
the phenomenon was a function of inhibition of DNA replication 
which increased the opportunity for pairing of homologous 
chromosomes necessary for crossing over. 
Unlike mitomycin C, actinomycin D inhibits RNA synthesis 
(Reich, Franklin, Shatkin, and Taturn, I96I; Goldberg, Rabin-
owitz, and Reich, 1962; Izawa, Allfrey, and Mirsky, 1963) and 
does not affect DNA synthesis except at very high concentra­
tions (Reich, 1964), Suzuki (1963) found that this carcino-
static drug significantly increased crossing over in the 
heterochromatic centromere region of chromosome 3 of Droso-
phila. Later, Suzuki (1965a) showed significant increases in 
recombination were induced in all marked regions of chromosome 
3 by 10 and 100 jig/ml concentrations of actinomycin D, but 
not by 1.0 ^ g/ml. The greatest effect was observed in the 
centromere region. He proposed the heterochromatin around the 
centromere is actively involved in synthesis of DNA-mediated 
RNA synthesis at the time of crossing over and this activity 
prevents crossing over. Actinomycin D, therefore, inactivates 
the region by causing a structural change and permits in­
creased crossing over, possibly by allowing more intimate 
synapsis. This hypothesis is supported by Reich (1964), who 
demonstrated that actinomycin D binds to portions of the DNA 
template normally participating in RNA formation causing a 
direct steric inhibition of RNA polymerase. Further support 
is recent evidence (Simard, I967) that actinomycin binds more 
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tightly to heterochromatin than to euchromatin. 
Unbalanced cation concentrations can also be of importance 
in the stabilization and manipulation of recombination. When 
Browning (19^9) added potassium oxalate to the medium of Dro-
sophila virulus stocks, recombination was elevated with in­
creased potassium oxalate concentrations. The effect was 
limited to the centromere region, since the frequency of ex­
changes in the distal regions tended to decrease. The in­
crease was probably a consequence of precipitation of calcium 
out of the nucleoplasm and chromosome envelopes by potassium 
oxalate, thereby altering the viscosity of nuclear components 
and permitting freer chromosome movement. Steffensen, Ander­
son, and Kase (1956) found that crossover frequencies of maize 
grown in excesses (Hoagland's solution with 250ppm Ca*^) or 
deficiencies (Hoagland's solution with 6.25ppm Ca**) of cal­
cium were not affected in any of the three chromosome regions 
studied. Palival and Hyde (1957), however, observed differing 
chiasma frequencies in Plantago ovata with various concentra­
tions of Ca++ or Mg"*"*". Deficient and excess calcium treat­
ments resulted in highly significant chiasma frequency in­
creases, whereas plants grown under deficient magnesium showed 
a significant increase. Excess magnesium produced no effect. 
Law (1963), who applied high and low potassium and calcium con­
centrations factorlally to Lollum temulentum, found an inter­
action with temperature indicating that potassium, not calcium, 
was responsible for enhanced mean chiasma frequencies at the 
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higher temperature (30°C). At 20°C little effect of either 
mineral was detected. Such results contradict previous con­
clusions that calcium is the most important ion in the control 
of meiotic crossing over. Law could offer no satisfactory 
explanation for his findings, but he did suggest that potas­
sium may, in some manner, act on calcium at the cellular level 
during meiosis. 
Search of the literature pertaining to factors influ­
encing crossing over has shown that such experiments with 
plants are greatly outnumbered by those with animals, espe­
cially Drosophila. In fact, studies of the effects of recom-
binogenic drugs on crossing over in plants are non-existent. 
The literature concerning ionic balance contains several 
studies with plants, but most of them concentrate on chiasma 
frequency and not on crossing over and genetic recombination. 
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MATERIALS AND METHODS 
Genetic Stocks 
The genetic stocks of maize containing the two multiply-
marked chromosomes that I used came from Dr. E. B. Patterson 
of the Maize Genetics Cooperation at Urbana, Illinois. The 
chromosomes of interest and their respective marker genes are 
illustrated in Figure 1, 
Igl gl2 sk fli vi| 
TÏ1) (30) (56) ÎÙ) -T^hromosome 2 
02 V5 rai gl^ 
Ttel * (jb (3*6) Chromosome 7 
Figure 1. Multiply-marked chromosome stocks^ used in my 
studies. Map distances (in parentheses) are ac­
cording to Neuffer, Jones, and Zuber (1968). Gene 
symbols are; Igj = liguleless leaf, gl2 and gli = 
glossy seedling, sk and rai = silkless and ramosa 
ear, fli and 02 = floury and opaque endosperm, v4 
and V5 = virescent seedling 
During the summers of I966 and I967, heterozygous F^ 
stocks were produced by crossing each genetic stock with the 
homozygous dominant inbred lines, Ml4 and Bl4. Since each 
marker stock contained one gene which affected the ear of the 
plant (sk = silkless on chromosome 2 and ra^ = ramosa ear on 
lln the interest of brevity, hereinafter these stocks are 
referred to as chromosome 7 and chromosome 2, respectively 
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chromosome 7)» I used Ml4 and Bl4 as ear parents, F^'s of 
Ml4 X chromosome 2 and Bl4 x chromosome 2 were used as heterO' 
zygous stocks in the 1967 and 1968 actinomycin D and the 1967 
calcium experiments. However, expression of the floury endo­
sperm character (fl^) in these crosses was dependent upon a 
dosage effect (fl^flifli or Plifl^fli = floury endosperm and 
FllFl]_fl]_ or FliPliPli = normal, starchy endosperm) so inter­
mediate types (Pliflifli and FliFlifli) were difficult to 
classify for plants grown in deficient calcium. Therefore, 
the Pi's of Ml4 X chromosome 7 and Bl4 x chromosome 7 were 
used in the 1968 calcium experiment. The Ml4 x chromosome 2 
and B14 x chromosome 2 crosses will be designated hereafter 
as crosses #l2 and #112» respectively; and the Ml4 x chromo­
some 7 and Bl4 x chromosome 7 crosses will be termed crosses 
#Iy and #IIy, respectively. 
Meiosis Studies 
To insure availability of actinomycin D in the critical 
plant tissues at the time crossing over would occur, I needed 
to inject plants at the premeiotic-to-early zygotene stages 
of meiosis. Therefore, I needed to determine the timing of 
meiosis in maize. For this, a series of growth-chamber and 
field experiments was conducted to determine if timing of 
meiotic events was correlated with some easily identifiable, 
morphological index, 
Hanway (1966) suggested that leaf number is a satisfac-
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tory criterion for defining growth phases in corn so I 
examined for meiosis in tassels from plants sampled at various 
leaf numbers. According to Bonnett (1966), tassel differen­
tiation in corn commences when the internodes initiate elon­
gation, and this phenomenon occurs initially at the six-to 
seven leaf stage (Hanway, 1966). Therefore, I reasoned 
meiosis would begin within one-to-two leaf stages after ini­
tiation of tassel differentiation. 
My first experiment for studying meiosis occurrence was 
grown in fall, 1967. Two seeds of a cross [(sh wx gl^^) x 
Ml4] were planted in each of 20 twenty-cm pots, and later each 
pot was thinned to one plant. I planted uniform-sized seed 
at equal depths to assure synchronized emergence. Table 1 
gives the environmental conditions for this experiment. Tas-
Table 1. Environmental conditions for the growth-chamber 
meiosis experiment 
Temperature Light 
Day (15 hours) : 28°C Pull Fluorescent (15 hours) : 6 a.m.-
9 p.m. 
Night (9 hours) ; 19°C Pull Incandescent (4 hours) : 12 
noon - 4 p.m. 
sels were taken from three plants at each of four leaf stages, 
11, 12, 13, and 14 leaves, (I considered a leaf emerged when 
its ligule was fully visible.) The tassels of sampled plants 
were preserved in 3:1 alcohol-acetic acid killing and fixing 
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solution two to three days, after which time they were trans­
ferred to 95% ethyl alcohol for storage. At sampling, plant 
height and stem diameter (in centimeters) and the number of 
days from emergence to sampling were recorded for each plant. 
An identical experiment was planted in winter, 1967-
1968, except cross #Il2 was used, and plants were sampled at 
9, 10, 11, and 12 leaves. 
In summer, 1968, eight alternating rows of crosses 
and #1X2 were planted at the Agronomy Field Research Center, 
Ames, Iowa. Three plants from each cross were sampled at 
each of four leaf stages, seven, eight, nine and ten leaves. 
Each sampled tassel was preserved and stored as described 
previously. Notes were taken on plant height, stem diameter, 
and the number of days from emergence to sampling. 
Cells from each preserved tassel were examined with an 
A. 0. Spencer binocular research microscope, utilizing the 
following techniques and sampling procedures; 
1.) From each tassel two or three florets were taken 
from four regions designated tip, mid, butt and 
â  
branch 
3  
}  
i )  
S 
Se 
tip 
mid 
butt 
Figure 2. Four tassel regions used as reference areas in 
sampling florets for microscopic examination 
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branch (Figure 2), 
2.) Anthers from each floret were dissected and placed 
on a microscope slide in a drop of acetocarmine 
stain, and a smear of the tissue was prepared ac­
cording to the "Acetocarmine Method" outlined by 
Jensen (1962). Cover slips were sealed with sealing 
wax to make the slides semi-permanent. 
3.) A scan of each slide was made using the low power 
objective (lOX); and if meiosis was observed, the 
microscope was switched to the high power objective 
(45%) to make a positive identification. The micro­
scope had a blue light filter which accentuated 
darkly-stained chromatin, 
4.) Each slide was rated for stage of meiosis according 
to the following scale; 
1 .0 pre-meiosis 
2 .0 = leptotene 
3 .0 zygotene 
4 .0 = pachytene 
5 .0 = metaphase I 
6 .0 = anaphase I 
7 .0 = meiosis II 
8 .0 tetrads 
9 .0 B microspores 
10.0 = pollen grains 
Data from these studies are presented in Tables 5-11, and 
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the relationships of leaf number to meiotic activity in the 
growth chamber and in the field are illustrated in Figure 25. 
Preliminary Actinomycin D Experiments 
I conducted a series of preliminary experiments to deter­
mine the physiological effects of actinomycin D (a gift from 
Dr. E. Reich of the Rockefeller Institute) on Ml4 and Bl4 and 
to discover the appropriate concentrations and correct injec­
tion techniques for the chemical. 
The first experiment was planted in the greenhouse during 
fall, 1965. Two plants were planted in each of 24 sixteen-
liter porcelain crocks arranged in a completely random design. 
Concentrations of actinomycin D used were: 
0.00% = K2O + ethyl alcohol 
0.001% = 0.01 mg actinomycin D/ml H2O 
0.01% = 0.1 mg actinomycin D/ml H2O 
0,1% = 1.0 mg actinomycin D/ml H2O 
Solutions were prepared within one hour of use by dis­
solving actinomycin D in two or three drops of 95% ethyl al­
cohol and adding distilled water to attain the appropriate 
concentrations. The control solution (0.00%) was prepared 
by adding two or three drops of ethyl alcohol to 10 ml of 
distilled water. This method of treatment preparation is con­
sistent with that used by Suzuki (I963, 1965a) and is the tech­
nique I used throughout these experiments. 
Seven weeks after planting, each plant was injected with 
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approximately 1 cc of the appropriate solution. Injections 
were made with 1 cc disposable tuberculin syringes equipped 
with number 276 Yale hypodermic needles. Wounds were wrapped 
with masking tape to prevent solution leakage from the punc­
tures . 
Each solution (except 0.1%) was injected into six plants 
per variety, i.e., two injection sites, one nodal (primarily 
injection in upper leaf whorl) and one basal (injection at 
base of stalk), and three replications. The 0.1% treatment 
was not replicated. Pour plants of each variety were used 
as non-injected controls. 
A second preliminary experiment was carried out during 
winter, I965-I966, with the following actinomycin D concen­
trations : 
0.00% = HgO + ethyl alcohol 
0.001% = 0.01 mg actinomycin D/ml H2O 
0.005% = 0.05 mg actinomycin D/ml H2O 
0,01% = 0.1 mg actinomycin D/ml H2O 
Nodal and basal injections were used. No true replication 
was used, but each solution was applied to two plants (one 
plant per injection site) at seven, eight, and nine weeks 
after planting. 
During both experiments daily growth increments in cen­
timeters and general effects of the chemical on the morphol­
ogy, development, and condition of each plant were recorded. 
Also, any noticeable sterility or plant death was recorded. 
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A third preliminary actinomycin D experiment was con­
ducted in spring, 1966. Inbreds Ml4 and Bl4 were grown, one 
plant per pot, with pots arranged in a completely random de­
sign, Actinomycin D solutions with concentrations 0.00%, 
0.001%, 0.005%, and 0.01% were used. One injection site was 
employed at the base of the tassel, and each plant was in­
jected when the tassel could first be felt in the upper leaf 
whorl. I noted mature plant height in centimeters, tassel 
emergence date, and morphological abnormalities. 
Data from this experiment were subjected to an analysis 
of variance for a 4 x 2 factorial design with three replica­
tions, and differences in treatment means were compared by 
least significant difference tests. 
Actinomycin D and Calcium Recombination Studies 
All experiments conducted to this point were preparatory 
to carrying out the primary objective of my study, i.e., to 
determine whether crossing over frequency in corn can be 
modified by manipulating environmental factors. 
Actinomycin D recombination studies 
To provide plants for actinomycin D injections, crosses 
#I2 and UII2 were planted in eight alternating 75-cm rows 
with 25 plants per row at the Agronomy Field Research Center, 
Ames, Iowa, in 1967 and 1968. Concentrations of actinomycin 
D used for the crossing over experiments were 0.00%, 0.001%, 
0.005%, and 0.01%. One and one-half cc of a concentration 
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were injected into each of three plants (replications) at the 
base of the tassel. Injections were made when the plants were 
in the pre-meiotic-to-very-early meiotic stages of development 
which corresponded to the seven and one-half-leaf stage in 
cross fig and the nine-leaf stage in cross #Il2 (Figure 25). 
Where abnormalities in growth, noticeable sterility, and 
tissue or plant death occurred, they were noted. 
Each treated plant was selfed unless the actinomycin D 
destroyed the tassel or the ear shoot, in which cases plants 
were test-crossed. Three untreated check plants of each cross 
were self-pollinated, and one was test-crossed. 
Calcium recombination studies 
In 1967 to study the effect of excess or deficient cal­
cium in the plant medium upon crossing over, plants of crosses 
#l2 and #Il2 were grown in hydroponics cultures. One plant 
was grown in an 80-liter garbage can filled with silica sand 
and watered with an appropriate solution of minerals. Each 
can was a plot, and the experiment was arranged in a ran­
domized block design with three replicates. There were l4 
plots per replicate, consisting of two crosses and seven cal­
cium levels (Table 2) applied to each. 
I planted three corn seeds per can and later thinned to 
one plant. Each can was covered with clear plastic (6-mil) 
to prevent contamination from dust and rainwater; and when 
plants were 6 cm high, a slit was cut in each cover to permit 
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Table 2. Calcium treatments, expressed as a percentage of the 
control medium and expressed as their respective 
molarities 
Treatment % of Control Molarity 
1 100,00 0.060 
2 400.00 0.240& 
3 1600,00 O.96O& 
, 4 25.00 0.015 
5 6,2& 0.004 
6 1.56 0.001 
7 0.00 0.000 
^Treatments 2 and 3 contained O.O6OM Ca(N02)2 plus O.lSOM 
and O.90OM CaCl2, respectively 
the plant to emerge. 
Each can was irrigated every third day with four liters 
of distilled water that contained a predetermined amount of a 
Hoagland and Arnon nutrient solution (Lucken, 1964), Nutrient 
solutions used varied according to the calcium level to be 
applied. Stock solutions used to make-up nutrient solutions 
are given in Table 3. To avoid an excess of NO3 in the excess 
calcium treatments (nos. 2 and 3)» additional calcium was 
added through CaCl2. Also, to avert Mg++ substitution for 
Ca++, I used 0,025M instead of O.IM wigSOzj in treatments 4-7. 
Nutrient solutions for each treatment were prepared by 
mixing appropriate amounts of the stock solutions plus 1 ml 
each of trace-element and iron solutions. Molarities of the 
stock solutions were made so that all stock solutions (except 
the trace-element and iron solutions) put into the nutrient 
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Table 3. Stock chemical solutions used in the modified Hoag-
land and Arnon nutrient medium 
Solution Concentration 
KH2PO4 O.3OM 
KNO3 3.00M 
CafNOgig O.OôM 
CaCl2 0 .I8OM and O.9OOM 
MgSO^ 0 .lOM and 0.025M 
Iron 1 ml of 0 
liter 
.5% Sequestrene 138 per 
of distilled water 
H3BO3 2.5 gms -< 
MnCl2'4H20 1.5 gms 
ZnCl2 0.1 gms \ per liter of dis-f tilled water 
CuCl2'2H20 0.05 gms 
MoOg 0.05 gms 
) 
solutions were identical for a treatment day, e.g., on days 
three, six, and nine the stock solution quantities added to 
nutrient solutions were 3 ml of each (Table 4). 
As a plant grew larger, its nutrient demands became 
greater, so the progressive additions of nutrient solutions 
had to contain more nutrients. One method of adjusting for 
increasing amounts of nutrients needed by the growing plants 
was to increase the ml of stock solutions used in the nutrient 
solutions. The amounts used are given in column two of Table 
4. The second method used for adjusting to the increasing 
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Table 4. Amounts of each stock solution added to the nutrient 
solution and amounts of nutrient solution added to 
each plant every third day 
Milliliters of each Milliliters of 
Days after stock solution added to nutrient solution 
emergence the nutrient solutions added to each plant 
3 3.0 14.0 
6 3.0 14.0 
9 3.0 14.0 
12 3.0 14.0 
15 3.0 14.0 
18 3.0 14.0 
21 3.0 14.0 
24 3.0 14.0 
27 3.1 14.3 
30 4.2 18.9 
33 5.6 24.4 
36 8.0 33.8 
39 14.1 58.0 
42 14.5 60.0 
45 15.9 65.6 
48 19.0 77.9 
51 21.5 88.1 
54 24.7 100.9 
57 27.5 112.0 
60 29.5 119.9 
63 31.8 129.2 
66 34.3 139.4 
69 34.4 139.4 
72 35.8 145.1 
75 36.8 149.0 
78 38.6 156.6 
81 39.2 158.6 
84 39.4 159.8 
87 39.6 160.2 
90 41.7 168.9 
93 41.8 169.2 
96 41.9 169.5 
99 42.5 172.2 
102 42.7 172.7 
105 43.7 176.6 
108 44.2 178.8 
111 44.8 181.3 
114 45.4 183.5 
117 45.4 183.7 
120 46.1 186.4 
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nutrient demand of the corn plants was to Increase the amount 
of nutrient solution used at each successive irrigation. The 
quantities added are shown in column three of Table 4. 
To determine the nutrient requirements, I calculated a 
nutrient uptake curve which approximated curves constructed 
by Hanway (1966) for N, P, and K. The curve was "integrated" 
on a three-day basis for 120 days by the following procedure: 
1.) The curve was enlarged to a working size and repro­
duced on poster board. 
2.) The curve was cut into strips representing three-
day intervals. 
3.) Each strip was weighed, and the weight was expressed 
relative to the total curve weight. 
4.) The percentage was interpreted into number of mil­
liliters of each stock solution needed in the nu­
trient solution. 
For the first 24 days, I added 3.0 ml of each stock 
solution instead of the calculated amounts to assure suffi­
cient nutrients for initial seedling growth. For the first 
42 days, I irrigated treatment #7 (the zero Ca++ treatment) 
plants with the control solution (treatment #1) because the 
seedlings would not grow with complete calcium deficiency. 
After 8l days when completion of meiosis was assured, I 
irrigated all plants with solution #3 to promote good seed 
set. Treatment #3 (1600.00%) was used because it resulted in 
the best growth. 
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At regular intervals accumulated chemicals were washed 
from the cans with 12 or l6 liters of distilled water. 
I tested pH of the media by sampling small quantities 
of sand from the top and center layers of each can, moistening 
them with distilled water and testing with Hydrion pH paper. 
Notes taken on all plants were mature plant height in centi­
meters from sand level to the ligule of the flag leaf, tassel 
date, and number of tillers. I also recorded noticeable mor­
phological or physiological abnormalities. 
In summer, 1968, an identical experiment was planted 
with the following exceptions; 
1.) Crosses and were used, 
2.) Plants were irrigated each six days. 
3.) Irrigation of all cans with treatment #3 was begun 
63 days after planting, 
4.) No pH readings were taken. 
I self-pollinated all plants in both experiments. Three 
field-grown plants of crosses #l2 and #Il2 were self-pollin­
ated for use as checks. Checks for crosses #Iy and #11? were 
obtained by selfing three greenhouse-grown plants. 
Progeny Classification 
Following harvest in 196? and 1968, progenies from actin-
omycln D injected and calcium experiment corn plants were 
classified for presence of crossovers in the marked chromo­
somes by categorizing P2 and testcross seeds for the appro­
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priate endosperm traits. I classified 300 seeds per Pi 
plant, except for several with poor seed set for which I 
classified the largest number possible. The samples fitted 
the expected ratios of normal vs. floury (1:1) or normal vs. 
opaque [(3:1) or (1:1)] seeds. Seeds which could not be 
classified for endosperm characters were planted, and the 
resulting plants were selfed or test-crossed to observe the 
segregation of the seeds. Heterozygous P3 ears were dis­
carded since I could not determine whether the P2 seed had 
been Pl^fliflx or PliPlifli. Plants from F2 or testcross 
progeny seeds were classified in the field for seedling and 
mature plant traits determined by the genes on the test chrom­
osomes . 
I used Fisher's product method (Immer, 1930) to calculate 
linkage intensities for F2 progenies from single plants for 
pairs of traits with 3:1 segregation ratios. This formula is 
bc/ad, where a and d are numbers of parental phenotypes and 
b and c are numbers of crossover phenotypes. Resulting ratios 
were interpolated into crossover percentages from tabular 
values (Immer, 1930). To calculate the linkage intensity of 
two traits that segregated 3:1 and 1:1, I used the following 
formula (Immer, 1930): 
ad , 2 
be 2-3p+p^ 
where a, b, c, and d represent the phenotypes described pre­
viously, and 1-p is the crossover percentage for two genes 
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in the coupling phase, I used three-point linkage tests to 
compute crossover percentages from testcross data. 
Linkage intensity data for the actinomycin D treatments 
were analyzed by an analysis of variance for a completely 
random design with unequal replication. Linkage data from 
the calcium recombination experiments were subjected to an 
analysis of variance for a 2 x 8 factorial design with un­
equal replications. A second method of analyzing linkage 
intensities (Suzuki, 1962) tested the ratio, pt/Po, where 
Pt and po are the crossover frequencies for a particular 
chromosome region in treated and check plants, respectively. 
The 95/Î confidence interval for each ratio was calculated 
according to the following formula (Suzuki, 1962): 
95% confidence limits = Pt/Po * e-2 V Var(Inpt-lnpo) 
where Var (Inpt-lnpo) = (l-pt)/ptnt - (l-po)/pono, and pt 
and Po are the crossover frequencies described previously, 
and nt and no are numbers of offspring from treated and check 
plants, respectively. I plotted each chromosome region 
against its respective pt/Po ratio, assuming any ratio for 
which the 95% confidence limit did not span 1.0 represented 
a significant deviation. 
The data were also analyzed for the magnitudes of signif­
icantly increased (pt/Po^D decreased (pt/Po<l) linkage 
intensities and for the frequency of recombinant phenotypes 
recovered for each treatment. 
The possibility of differential crossing over in male 
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and female flowers was examined by utilizing a built-in tester 
system resulting from the floury endosperm character of 
crosses #l2 and #1X2. To do this I selfed several (10-50) 
P2 plants from each treatment and observed segregation of the 
floury endosperm on the Fg ear. By relating P3 segregation 
to the plant genotype, I could determine the number of cross­
overs that occurred in the male and female flowers. For 
example, a floury :P2 seed that segregated in Fg had the geno­
type, Fl]_flifli, which was the product of the union of a Pli 
male gamete and a fl^fli female polar nuclei. If the P2 plant 
which grew from this seed was liguleless (Igi), silkless (sk), 
and virescent (v%), the genotypes of the F^ gametes were; 
male = lg]_Gl2skFlivii, the result of a quadruple exchange, and 
female = lgiGl2Skfl^vi}, the result of a double exchange. Thus, 
there were four and two crossovers in the male and female 
flowers, respectively. The number of crossovers for each sex 
was expressed as a percent of the total number of crossovers 
for both sexes. Equal crossing over (50% in each sex) was 
tested by chi-square. 
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RESULTS 
Melosls Studies 
Measurements for plants sampled in the growth chamber and 
field meiosis experiments are given in Tables 5 and 6, Plants 
with M14 parentage in the growth chamber [(sh wx gl^^) x Ml4] 
reached a specific leaf stage much later (measured by days 
after emergence) than comparable field-grown plants (cross 
#12), e.g., growth-chamber plants reached the ten-leaf stage 62 
days after emergence, whereas field-grown plants reached this 
stage after 44 days. This trend was not similar for cross 
#Il2. Also, for the Ml4 crosses, there was less variability of 
meiotic stages among plants at a particular leaf-number stage 
in the growth chamber than in the field. The Bl4 cross dis­
played little variability for meiotic stages among comparable 
plants in either environment. Heights showed no consistent 
trends except that growth-chamber plants tended to be taller 
than field-grown plants. Plants of both crosses in the con­
trolled environment had less girth than their counterparts in 
the field, a probable consequence of limited root growth im­
posed by the twenty-cm clay pots. 
In general, all measurements except stem diameter in­
creased as meiosis progressed (Table 7). For example, for 
cross #Il2 in the field, the pre-meiotic stage (1.0) occurred 
4l days after emergence, the leptotene-zygotene stages (2.0-
3.0) occurred 42 days after emergence, and the later stages 
Table 5. Leaf number, height, stem diameter, days after emergence and mean stage of 
meiosis for corn plants sampled in the growth-chamber meiosis experiments 
(gh wx Klic X Ml4) 
Days Stem Stage 
Plant Leaf after Height diam. of 
no, no. emerg. (cm) (cm) meiosis 
Cross #IIp 
Days Stem. Stage 
Plant Leaf after Height diam, of 
no, no, emerg, (cm) (cm) meiosis 
12 10 62 135.5 1,02 5.2 01 9 43. . .154.0 0.94 1.0 
14 10 61 145.5 1,06 3.5 02 9 43 153.0 0,93 1,0 
16 10 62 139.0 • 0.99 2,8 08 9 50 153.0 0.95 1.0 
07 11 62 139.5 1.07 9.0 04 10 50 155.0 1.00 1,0 
11 11 62 146.5 1.13 9.0 05 10 50 153.0 0.91 1,0 
13 11 62 134,5 1.06 7.5 07 10 50 173.0 0.91 1.0 
10 12 70 138.5 0.97 10,0 03 11 57 177.0 0,86 7.9 
15 12 69 147.5 1.18 10,0 09 11 57 172.0 0.95 2.9 
20 12 70 147.5 0.95 10,0 12 11 54 185.0 0.85 3.0 
05 13 73 138.0 1.12 10,0 10 12 63 — - 10,0 
06 13 73 143.0 1,02 10,0 11 12 63 - - 10.0 
09 13 73 125.5 1,02 10,0 15 12 63 - - 10.0 
Table 6. Leaf number, height, stem diameter, days after emergence and mean stage of 
meiosis for corn plants sampled in the field melosis experiment 
Cross #1? 
Days Stem Stage 
Plant Leaf after Height diam, of 
no. no, emerg. (cm) (cm) meiosis 
Cross #ll2 
Days Stem Stage 
Plant Leaf after Height diam. of 
no. no. emerg. (cm) (cm) meiosis 
02 7 41 124.5 2.52 2.5 08 7 41 123.0 2.33 1.0 
03 7 41 118.5 2 . 7 6  2.2 10 7 41 121.0 2.09 1.0 
05 7 41 112.0 2.69 1.0 12 7 41 125.0 2.49 1.0 
01 8 41 126.0 2.57 8.7 07 8 41 122.0 2.30 1.0 
04 8 41 116.0 2.76 3.0 09 8 41 123.5 2.39 1.0 
06 8 41 119.5 2.64 1.0 11 8 41 133.0 2.42 1.0 
13 9 41 123.0 3.04 4.8 14 9 42 144.5 2 . 8 6  2.3 
15 9 42 124.0 2.61 9.2 17 9 42 140.5 2.62 3.2 
16 9 42 130.0 2.71 4.6 18 9 42 143.0 2.66 2.2 
21 10 44 138.0 2.87 9.6 22 10 48 173.0 2.81 6.3 
23 10 48 174.5 2.78 7.1 
24 10 48 153.5 2.85 9.0 
Table 7, Means of days after emergence, height, stem diameter and leaf number for 
corn plants at several stages of meiosis in growth-chamber and field 
meiosis experiments 
Stage Days Stem Stage Days Stem 
of after Height diam. Leaf of after Height diam. Leaf 
meiosis emerg. (cm) (cm) no. meiosis emerg. (cm) (cm) no. 
Growth chamber 
(sh wx Rlic X M14) Cross #11? 
2.8 62 139.0 0.99 10 1.0 48 158.2 0,95 9. 
3.5 61 145.5 1.06 10 2.9 57 172.0 0,95 11 
5.2 62 135.5 1.02 10 3.0 54 185.0 0.85 11 
7.5 62 134.5 1.08 11 7.9 57 177.0 0.86 11 
9.0 62 143.0 1.10 11 10.0 63 - — 12 
10.0 71 140.0 1.04 12.5 
Field 
Cross #1? Cross #llo 
1.0 41 115.8 2.66 7.5 1.0 41 124.6 2.34 7. 
2.2 41 118.5 2.76 7 2.2 42 143.0 2.66 9 
2.5 41 124.5 2.52 7 2.3 42 144.5 2.86 9 
3.0 41 116.0 2.76 8 3.2 42 140.5 2.62 9 
4.6 42 130.0 2.71 9 6.3 48 173.0 2.81 10 
4.8 41 123.0 3.04 9 7.1 48 174.5 2.78 10 
8.7 41 126.0 2.57 8 9.0 48 153.5 2.85 10 
9.2 42 124.0 2.61 9 
9.6 44 138.0 2.87 10 
38 
[meiosis II (6.0)-pollen (10.0)] occurred 48 days after emer­
gence, Meiosis advanced (Table 7) linearly as leaf number 
increased. Cross #Il2 showed seven and one-half, nine and 
ten leaves at pre-meiosis, leptotene-zygotene, and later 
stages of meiosis, respectively. Similarly, mean plant height 
increased as meiosis progressed but not as consistently as 
days after emergence and leaf number. 
Correlations among the traits, days after emergence, leaf 
number, height and stem diameter with stages of meiosis (Table 
8), show positive and high relationships for field measure­
ments; in the growth-chamber, leaf number and days after emer­
gence were highly related to meiosis stage, but plant height 
and stem diameter were not. Pooled correlations (means of 
both genotypes within an environment correlated with mean 
stages of meiosis) showed only days after emergence (signifi­
cant at 5% level of probability in both environments) and 
leaf number (significant at \% level of probability in both 
environments) highly correlated with meiotic development . 
Correlations between leaf number and meiosis stage were some­
what higher than those between days after emergence and mei­
osis stage, indicating that leaf number would be the best ob­
vious plant trait for estimating stage of meiosis. 
In general, corn plants of all crosses, when grown in 
the field, reached meiosis two-to-three leaves earlier than 
plants grown in the growth chamber (Table 9). However, the 
progression of meiosis characteristic of crosses from one in-
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Table 8. Correlations of mean days after emergence, mean 
height, mean stem diameter, and mean leaf number 
with stages of meiosis In growth-chamber and field 
meiosls experiments 
Environment 
and 
variety 
Mean days 
after 
emergence 
Mean 
height 
Mean stem 
diameter 
Mean leaf 
number 
Growth chamber 
[(sh wx glip) X 
Ml4] 
0.64 1 0
 
0
 
CO
 
0.59 0 . 6 9 *  
Cross #Il2 0.86 0.49 —0,63 0.81 
Combined 0.71* -0.32 0.40 0,79** 
Field 
Cross #1.2 0.65 0.71* 0.04 0.73* 
Cross #Il2 0.95** 0.77* 0.66 0 . 8 7 *  
Combined 0.55* 0.37 0.31 0.65** 
*,** Significant at 5% and 1% level of probability, re­
spectively 
bred was identical in both environments, i.e., the two stocks 
with Ml4 parentage [(sh wx gli^ x Ml4) and cross #12] displayed 
a gradual progression of meiosis, whereas the Bl4 stock (cross 
#112) progressed suddenly, i.e., from pre-meiosis to late lep­
totene during the development of one leaf and from leptotene 
to late meiosis II or pollen during development of one more 
leaf. The Ml4 crosses reached meiosis one-to-two leaves 
earlier than the Bl4 crosses; but since the interval of 
meiosis was longer in Ml4 stocks, both varieties approached 
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Table 9. Stages of melosls for plants sampled at various leaf 
numbers in the growth-chamber and field meiosis ex­
periments 
Leaf number 
and 
replication 
Growth chamber 
r(sh wx glic Cross 
X M14)3 #Il2 
Field 
Cross' 
#l2 
Cross 
file 
7 
1 
2 
3 
Mean 
8 
1 
2 
3 
Mean 
9 
1 
2 
3 
Mean 
10 
1 
2 
3 
Mean 
11 
1 
2 
3 
Mean 
12 
1 
2 
3 
Mean 
13 
1 
2 
3 
Mean 
5.2 
3.5 
2 . 8  
3.8 
9.0 
9.0 
7.5 
8.5 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
7.9 
2.9 
3.0 
4.0 
10.0 
10.0 
10.0 
10.0 
2.5 
2 . 2  
1.0 
1.9 
8.7 
3.0 
1.0 
4.2 
4.8 
9.2 
4.6 
6.2 
9.6 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.3 
3.2 
2 . 2  
2 . 6  
6.3 
7.1 
9.0 
7.5 
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second division and mature pollen stages at approximately the 
same leaf number (approximately ten leaves in the field and 
12 in the growth chamber). There appears to be a genetic de­
termination with respect to the range of leaf stages which 
indicate meiosis. 
Variability of meiosis stages within tassel regions 
(Tables 10 and 11) was probably the consequence of sampling 
techniques. Since all tassels were not sampled in precisely 
the same area within a region, differences among plants re­
flected progression of meiosis within the tassel and within 
the region sampled. Meiosis began approximately 5 cm below 
the tip of the tassel and advanced simultaneously upward and 
downward. If the tassel was sampled close to the point of 
first meiosis, only late stages were found; but sampling some­
what toward the tassel butt or tip produced earlier stages. 
Stages of meiosis in branch regions were nighly variable, a 
likely consequence of sampling techniques. 
Preliminary Actinomycin D Experiments 
Physiological and physical effects 
Observations made during preliminary experiments indi­
cated actinomycin D affected the physiological and physical 
conditions of corn plants markedly. Generally, actinomycin D 
treatments caused localized damage, especially to tissue 
immediately surrounding the point of injection. All treat­
ments applied during the first two experiments, including the 
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Table 10. Stages of meiosls for four tassel regions of plants 
in the growth-chamber experiments 
Leaf number 
and 
replication Tip 
[ (sh 
X 
Tip 
Cross #112 
Branch Mid Butt Branch Mid Butt 
7 
1 
2 
- - - -
-
- -
-
3 
8 
1 
2 
— — — — -
— — 
— 
3 
9 
1 — — — — 1.0 1.0 1.0 1.0 
2 — — — — 1,0 1.0 1.0 1.0 
3 — — - - 1.0 1.0 1.0 1.0 
10 
1 10.0* 5.0 3.0 3.0 1.0 1.0 1.0 1,0 
2 2.0 4.0 4.0 4.0 1.0 1,0 1.0 1.0 
3 4.0 3.0 2.0 2.0 1.0 1.0 1.0 1.0 
11 
1 9.0 9.0 9.0 9.0 9.5 9.0 5.5 7.5 
2 9.0 9.0 9.0 9.0 4.0 4.0 2.0 1.5 
3 10.0 5.0 5.0 10.0 3.0 3.0 3.0 3.0 
12 
1 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
2 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
3 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
13 
1 10.0 10.0 10.0 10.0 — — — — 
2 10.0 10.0 10.0 10.0 - — — — 
3 10.0 10.0 10.0 10.0 — — — — 
&Each value is the mean of three determinations 
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Table 11, Stages of melosis for four tassel regions of plants 
in the field experiment 
Leaf number 
and Cross #l2 Cross #112 
replication Tip Mid Butt Branch Tip Mid Butt Branch 
7 
1 3.oa 3.0 3 . 0  1.0 1.0 1.0 1.0 1.0 
2 2.0 3 . 0  3.0 1.0 1.0 1.0 1.0 1.0 
3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
8 
1 8.0 9 . 2  8.5 9.0 1.0 1.0 1.0 1.0 
2 3 . 0  3.0 3.0 3 . 0  1.0 1.0 1.0 1.0 
3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
9 
1 3.0 8 . 2  4.0 4.0 2 . 5  3.0 2.8 1.0 
2 9.2 10.0 8 , 8  9.0 3 . 5  3.5 3.0 3 . 0  
3 4.0 8.0 3.5 3.0 3.0 3.0 2.0 1.0 
10 
9 . 8 b  1 9.5 9.5 9.5 8.7 7.5 4.3 5 . 0  
2 — — — - 7.8 9.0 3.7 8.0 
3 — - - - 9.2 9.2 8.7 9 . 0  
11 
1 
2 
- -
- -
-
-
- -
12 
3 
1 
2 
— — — — - — — — 
13 
3 
1 
2 
3 - - - - - - - -
3-Each value is the mean of two determinations 
bOnly one replication examined 
controls, displayed leaf damage and chlorosis from the in­
jection puncture wounds, but the highest concentrations (0.1% 
in preliminary experiment I and 0.01% in preliminary experi­
ment II) produced severe chlorosis, death, and disintegration 
of leaf tissue immediately surrounding the injection site. 
The 0.1% concentration of actinomycin D caused death of the 
top leaf whorls and stunted growth. "Interveinular" chlorosis 
and tissue death in leaf tips of isolated plants indicated the 
chemical moved to distal portions of leaves. Although some 
tassels in the first two experiments were "burned," no appre­
ciable male sterility was observed. Effects were greater on 
Bl4 than on Ml4 plants. Figure 3 illustrates this localized 
damage. 
In preliminary experiment III, damaged leaf tissue oc­
curred only on plants injected with the two highest concen­
trations of actinomycin D, 0.005% and 0.01%. Many treated 
plants had deformed stalks and tassels, and nearly all were 
protandrous. 
Preliminary experiment ^ 
There was no relationship between site of injection and 
obvious physical damage from the actinomycin D (Table 12). 
About two-thirds of the treated plants showed physical damage 
for both sites. Similarly, dates of tassel emergence (Table 
13) were not influenced by injection site. On the other hand, 
mean plant height at tassel emergence (Table 14) was shorter 
Figure 3, Physical damage caused by actinomycin D injection 
in preliminary experiments 
A, Localized leaf tissue damage 
B. Stunted plant growth 
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Table 12. Number^ of physically damaged and normal plants 
after injection of actinomycin D in preliminary 
experiment I 
Nodal Basal 
Damaged 8 9 
Normal 16 15 
3-Summed across both inbreds and all actinomycin D concen­
trations 
Table 13. Mean days from planting to tassel emergence for 
nodal and basal injection sites of several concen­
trations of actinomycin D in preliminary experiment 
I 
Treatment Nodal Basal 
M14 
non-injected 80 82 
HpO + ETOH 83 82 
0.001% 83 81 
0.01% 83 84 
0.1% 82 ' 80 
Mean 82 82 
Bl4 
non-injected 82 79 
HpO + ETOH 83 82 
0.001% 82 82 
0.01% 82 85 
0.1% — — 
Mean 83 82 
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Table l4. Mean plant heights at tassel emergence for nodal 
and basal injection sites of several actinomycin 
D concentrations in preliminary experiment I 
Height (cm) 
Treatment Nodal Basal 
Ml? 
non-injected 107 122 
HgO + ETOH 102 108 
0.001% 129 94 
0.01% 110 98 
0.1% 132 127 
Mean 116 110 
B14 
non-injected 145 125 
HpO + ETOH 139 129 
0.001% 129 139 
0.01% 137 120 
0.1% 105 
Mean 131 128 
for plants injected basally than those injected nodally (116 
vs. 110 cm and 131 vs. 128 cm for Ml4 and Bl4, respectively). 
Neither mean tassel emergence date (Table 13) nor plant 
height (Table 14) showed a relationship with concentration of 
actinomycin D. 
Weighted mean daily growth curves (Figures 4-7) were 
similar for all corn plants up to injection (day 30), but 
after application of actinomycin D, growth rates for plants 
with the 0.1% treatment were reduced. Nodal Injections of 
this concentration reduced daily growth rates in both inbreds, 
whereas basal injections affected only Bl4 (Figures 4, 6, and 
4.0 NON-INJECTED 
0.00% (HpO+ETOH 
0.001% 
0.01% 
2.0 
10 15 40 45 50 5 20 35 30 25 
DAYS AFTER EMERGENCE 
Figure 4. Weighted daily growth increments for actinomycin D treatments applied to 
Ml4 by nodal injection in preliminary experiment I 
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Figure 5. Weighted daily growth increments for actlnomycin D treatments applied to 
Mm by basal injection in preliminary experiment I 
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Figure 6. Weighted daily growth increments for actinomycin D treatments applied to 
Blk by nodal Injection in preliminary experiment I 
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Figure 7. Weighted daily grov/th increments for actinomycin D treatments applied to 
Bl4 by basal'injection in preliminary experiment "I 
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7). The 0.001% and 0.01% treatments and both controls (alco­
hol-injected and non-injected) gave the same general growth 
throughout the season. 
Preliminary experiment II 
Injections at seven weeks after planting (date I) showed 
no differences in the number of physically damaged plants for 
either injection site (Table 15). Later injection dates, 
however, displayed more affected plants with nodal than with 
basal injections (six vs. two and five vs. three for nodal 
and basal sites at eight and nine weeks, respectively). 
Plant heights and tassel emergence (Table 16) represent 
measurements of single plants and, therefore, taken indi­
vidually have little meaning. Averaged over concentrations, 
injection dates or injection sites, however, they represent 
replicated data. 
Tassel emergence of both inbreds occurred 82 days after 
planting regardless of Injection site. However, Ml4 plants 
Injected basally were slightly shorter than those injected 
nodally (128 cm vs. 131 cm for the basal and nodal sites, 
respectively), whereas Bl4 showed no effect of Injection site 
on plant height. Mean plant heights and tassel emergence 
(Table 17) were not influenced by actinomycin D concentra­
tions. Injection date (Table 18) caused a decrease of circa 
12 cm in Bl4 plants but showed no influence on Ml4. There 
was no effect of injection date on tassel emergence of either 
Table 15 .  Number^ of physically damaged and normal plants for nodal and basal sites 
at three dates of actinomycin D injection in preliminary experiment II 
Date I 
after 
(7 wks. 
planting) 
Date II (8 wks. 
after planting) 
Date III (9 wks. 
after planting) Total 
Nodal Basal Nodal Basal Nodal Basal Nodal Basal 
Damaged 3 4 6 2 5 3 14 9 
Normal 5 4 2 6 3 5 10 15 
^•Summed across both inbreds and all actinomycin D concentrations 
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Table 16, Plant heights at tassel emergence and dates of tas­
sel emergence for corn plants treated with actino-
mycin D in preliminary experiment II 
Actinomycin D 
concentration Tassel date 
and plant Height (cm) (days after planting) 
number Nodal Basal Nodal Basal 
M14 
O.OOTTH2O + ETOH) 
1 
2 
3 
0.0015s 
1 
2 
3 
0.005% 
1 
2 
3 
0.01% 
1 
2 
3 
Mean 
BlM 
O.OOFTH2O 
1 
2 
3 
0.001% 
1 
2 
3 
0.005% 
1 
2 
3 
0.01% 
1 
2 
3 
Mean 
+ ETOH) 
123 123 82 81 
131 I4l 81 81 
105 109 81 81 
122 85 84 86 
151 156 81 83 
133 160 81 81 
133 146 83 82 
130 139 81 81 
143 124 81 81 
133 91 84 84 
139 136 81 81 
132 133 82 83 
131 128 82 82 
140 144 83 83 
130 140 82 82 
130 121 83 86 
148 153 82 81 
146 146 85 82 
163 151 81 81 
147 144 84 83 
139 163 81 81 
120 134 83 84 
174 81 
169 160 84 84 
137 147 82 84 
145 146 82 83 
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Table 17. Mean& heights at tassel emergence and mean dates 
of tassel emergence for four concentrations of 
actlnomycln D In preliminary experiment II 
Actlnomycln D Height Tassel date 
concentration (cm) (days after planting) 
Ml 4 
0.00% (HpO + ETOH) 122 8l 
0.001% 134 82 
0,005% 136 82 
0.01% 127 82 
B14 
0.00% (HpO + ETOH) 134 84 
0.001% 151 82 
0.005% l4l 83 
0.01% 151 84 
&Means across three Injection dates and two Injection 
sites 
Table 18. Mean& heights at tassel emergence and mean dates 
of tassel emergence for three Injection dates In 
preliminary experiment II 
Height Tassel date 
Injection date (cm) (days after planting) 
M14 
7 weeks 119 83 
8 weeks l4l 82 
9 weeks 130 82 
B14 
7 weeks 150 82 
8 weeks 149 82 
9 weeks I38 83 
9-Means across four treatments and two Injection sites 
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inbréd (Table l8). 
Comparisons of the data in Tables 12-16 reveal several 
trends: 1.) Injection site affected the amount of physical 
damage only at later injection dates (eight and nine weeks 
after planting), 2.) Basally-injected plants were generally 
shorter than nodally-injected ones, 3.) Tassel emergence 
was unaffected by any treatment (concentrations, sites, dates.) 
Preliminary experiment III 
None of the actinomycin D concentrations in preliminary 
experiment III affected anther dehiscence (Table 19). Pollen 
viability could not be tested, however, because extreme pro-
tandry made selfing impossible. 
Mean plant heights (Table 20) decreased substantially 
with increased concentrations, and Bl4 plants were 9 cm taller 
than Ml4 plants (significant at the \% level of probability). 
Dates of tassel emergence displayed no trends. 
Mean squares for treatment and inbred height differences 
were significant (Table 21), but all sources of variation in 
the analysis of variance for tassel emergence date (Table 21) 
were non-significant. Least significant difference tests of 
combined treatment means for height gave significance for all 
comparisons except control (0,00%) vs, 0,001% and 0,005% vs. 
0.01%. 
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Table 19. Mature plant heights, dates of tassel emergence and 
pollen shedding for corn plants treated with 
actinomycin D in preliminary experiment III 
Actinomycin D 
concentration 
and plant Height Tassel date Pollen 
number (cm) (days after planting) shedding 
Ml4 
0.00% (HpO + 
ETOH) 
09 200 61 + 
14 176 62 + 
17 196 59 + 
0.001% 
11 170 63 + 
15 184 60 + 
23 206 60 + 
0.005% 
06 185 60 + 
08 180 62 + 
18 172 60 + 
0.01% 
19 182 62 + 
20 169 63 + 
2 k  162 61 + 
B14 
0.00% (H2O + 
ETOH) 
03 194 61 + 
o4 198 61 + 
05 191 62 + 
0.001% 
12 194 61 + 
13 196 61 + 
22 199 61 + 
0.005% 
01 186 60 + 
10 194 59 + 
21 180 63 + 
0.01% 
02 184 62 + 
07 197 61 + 
16 182 63 + 
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Table 20. Mean heights and tassel dates for several concen­
trations of actinomycin D in preliminary experiment 
III 
Height (cm) Tassel date 
Treatment Ml4 Ë14 Combined M14 B14 Combined 
0.00% (HpO + 
ETOH) 
0.001% 
191 194 192 61 61 6l 
187 196 192 62 62 62 
0.005% 179 186 183 61 61 61 
0.01% 171 188 179 61 61 61 
Mean 182 191 61 61 
lsdo.o5 6 cm 
Isdo.oi 8 cm 
Table 21, Mean squares from analyses of variance for mature 
plant height and tassel date in actinomycin D pre­
liminary experiment III 
Source of 
variation D.F. 
Height 
M.S. 
Tassel date 
M.S. 
Concentration 3 253.40** 2.00 
Inbred 1 532.04** 0.16 
Concentration 
X inbred 
3 478.88** 2.22 
Error 16 12.60 1.28 
C.V. {%) (1.93) (1.80) 
**Significant at 1^ level of probability 
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Actlnomycin D Recombination Studies 
Physiological effects 
Physiological and physical effects of actlnomycin D in 
field plantings of crosses #I2 and #ll2 generally were identi­
cal to effects on Ml4 and Bl4 in preliminary greenhouse exper­
iments, i.e., leaf tissue death and disintegration (especially 
in the top whorls) and burned, stunted tassels. Deleterious 
effects were associated with 0.005% and 0.01% injections of 
actlnomycin D, and cross #l2 was more severely affected than 
cross #Il2. Specifically, 0.005% solution caused dead and 
burned leaves, and 0.01% treatment caused leaf tissue death 
and failure of tassels and ears to develop. (In 1968 one-
half the plants treated with 0.01% actlnomycin D failed to 
develop ears.) All plants treated with these concentrations 
displayed stunted growth, and some were partially sterile. 
Treatment of plants with alcohol (0.00%) and 0.001% actlnomycin 
D produced no physical damage. 
Effects of actlnomycin D on crossover percentage 
Appendix Tables 62-65 give the frequencies of genotypes 
recovered in the 196? and 1968 actlnomycin D recombination 
studies. Relative frequencies of the classes of allelic com­
binations were consistent across all plants, e.g., the fli 
genotype was generally the most frequent recombinant class 
recovered in P2 progeny, and sk, v]| was one of the least fre­
quent. Thus, within treatments, plants reacted similarly. 
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There was variability among crossover percentages for all 
regions and for the total Igi-vij segment of chromosome 2 for 
plants in the 1967 actinomycin D recombination experiment 
(Tables 22 and 23). No consistent treatment effect existed 
except, relative to check values^, mean total crossing over 
of 0.01% treated plants was reduced (68.3% vs. 75.1% and 5^.3% 
vs. 82.6% for the treated and check values of crosses #I2 and 
#Il2, respectively). Crossing over in the lgi-gl2 region of 
cross #I2 was reduced, whereas in the gl2-sk and sk-fli regions 
it was increased by all actinomycin D concentrations. Cross 
#Il2 (Table 23) showed general decreased crossing, over in the 
lgl-gl2 and fli-vi} regions. All regions of 0.01% treated 
plants of this cross were reduced in crossover percentage, 
with the greatest reduction in the fl^-vii region (-16.9%). 
In cross #l2 this concentration decreased only the lgi-gl2 
region (-9.9%). 
Also, great variability existed among crossover percen­
tages for plants in the 1968 actinomycin D recombination 
experiment (Tables 24 and 25). Mean total crossing over 
generally was lower in 1968 than in 1967 (Tables 22-25) for 
any treatment, but there were inconsistencies. For example, 
crossing over in check plants of cross #Il2 was greater than 
cross #I2 in 1967 (82.6% vs. 75.1%), but in 1968 crossing 
^Hereinafter, all comparisons, unless otherwise stated, 
are made relative to check values 
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Table 22. Crossover percentages for each region of chromosome 
2 obtained for cross #I2 in the 196? actinomycln D 
recombination experiment 
Actinomycln D 
concentration 
and plant Chromosome region Total 
number lgi-gl2 glg-sk sk-fli fli-vi| segment 
0 .00% (H2O +  
ETOH) 
1 22.2 23.6 11.6 29.7 87.0 
2 19.5 25.5 10.0 23.1 78.1 
3 27.6 27.0 4.1 8.9 67.6 
Mean 23.1 25.3 8.5 20.5 77.5 
0.001% 
1 23.3 26.1 8 .2  25.4 83.1 
2 21.0 35.1 5.3 18.7 80.1 
3 21.3 29.1 5.4 20.5 77.2 
Mean 21.9 30.1 6.6 21.5 80 .2  
0 .005% 
1 14.2 27.5 1.0 23.9 66.6 
2 26.4 28.0 6.2 24.8 85.4 
3 27.3 30.4 10.0 20.7 88.4 
Mean 22.6 28 .6  5.7 23.1 80.1 
0 .01% 
1 14.5 30.4 5.3 18.2 68.3 
Check 
1 24.0 24.0 6.0 15 .8  69.7 
2 20.9 23.5 4.1 21.7 70.2 
3 28.2 31.1 4.8 21.2 85.4 
Mean 24.4 26.2 5.0 19.5 75.1 
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Table 23. Crossover percentages for each region of chromosome 
2 obtained for cross in the 1967 actinomycin D 
recombination experiment 
Actinomycin D 
concentration 
and plant Chromosome region Total 
number lgi-gl2 gl2-sk sk-fli fli-v4 segment 
0.00% (H2O + 
ETOH) 
1 26.7 26.6 5.8 19.2 78.2 
2 24.9 29.0 9.4 27.6 90.9 
3 18.2 27.8 9.3 19.9 75.2 
Mean 23.2 27.8 8.2 22.2 81.4 
0.001% 
1 18.1 23.7 12.1 13.6 67.5 
2 21.7 25.5 13.1 12.7 73.1 
3 18.9 24.3 7.1 13.4 63.6 
Mean 19.6 24.5 10.8 13.2 68.1 
0 .005% 
1 21.7 27.3 8.5 13.7 71.2 
2 19.2 24.2 2.8 32.3 78.5 
3 21.3 19.1 14.7 19.1 74.3 
Mean 20.8 23.6 8.6 21.7 74.6 
0.01% 
1 19.9 15.8 0.0 0.0 35.7 
2 20.5 24.7 3.1 11.2 59.5 
3 21.4 30.8 7.6 8.1 67.8 
Mean 20.6 23.7 3.6 6.4 54.3 
Check 
1 22.1 28.6 3.2 20.4 74.4 
2 26.1 27.0 6.1 19.9 79.1 
3 20.1 25.3 16.4 23.1 84.9 
4 24.8 26.7 10.9 29.7 92.1 
Mean 23.3 26.9 9.2 23.3 82.6 
64 
Table 24. Crossover percentages for each region of chromosome 
2 obtained for cross #l2 in the 1968 actinomycin D 
recombination experiment 
Actinomycin D 
concentration 
and plant Chromosome region Total 
number lg]_-gl2 gl2-sk sk-fli fli-v4 segment 
0.00% (HgO + 
ETOH) 
1 18.4 18.6 1.6 18.0 56.6 
2 24.0 16.9 1.9 13.5 56.3 
3 16.2 18.8 10.0 15.2 60.2 
Mean 19.5 18.1 4.5 15.5 57.7 
0.001% 
1 17.0 28.4 8.9 18.8 73.0 
0.005% 
1 15.4 18.8 9.1 15.1 58.4 
2 15.8 19.7 7.9 18.4 61.8 
3 14.0 19.5 7.7 13.6 54.8 
Mean 15.1 19.3 8.2 15.7 58.3 
0.01% 
1 15.9 21.4 8.3 19.3 64.8 
Check 
1 14.3 21.8 9.1 13.7 59.0 
2 13.5 20.4 10.0 26.5 70.4 
3 16.7 17.3 13.6 13.6 61.2 
4 14.3 16.1 11.5 18.9 60.8 
Mean 14.7 18.9 11.1 18.2 62.8 
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Table 25. Crossover percentages for each region of chromosome 
2 obtained for cross #Il2 in the 1968 actinomycin D 
recombination experiment 
Actinomycin D 
concentration 
and plant Chromosome region Total 
number Ig2-gl2 gl2-sk sk-fl^ fl^-vii segment 
0.00% (HpO + 
ETOH) 
1 
2 
3 
Mean 
17.8 
16.7 
19.1 
17.9 
25.7 
21.7 
20.6 
22.7 
8.2 
7.2 
6.8 
7.4 
7.9 
11.9 
23.1 
14.3 
59.5 
57.5 
69.7 
62.2 
0.001% 
1 
2 
3 
Mean 
18.2 
16.4 
20.8 
18.5 
22.2 
23.1 
18.3 
21.2 
10.2 
8.2 
11.4 
9.9 
16,8 
11.9 
12.2 
13.6 
67.4 
59.7 
62.7 
63.2 
0.005% 
1 
2 
3 
Mean 
21.4 
25.9 
19.1 
22.1 
19.6 
25.2 
18.8 
21.2 
14.3 
8.4 
8.1 
10.3 
14.3 
9.1 
18.7 
14.0 
69.6 
68.5 
64.7 
67.6 
0.01% 
1 
2 
Mean 
22.6 
17.2 
19.9 
21.8 
26.1 
24.0 
13.5 
13.4 
13.5 
22.6 
20.9 
21.7 
80.4 
77.6 
79.0 
Check 
1 
2 
3 
Mean 
16.2 
18.9 
15.9 
17.0 
19.4 
16.0 
26.1 
20.5 
9.0 
6.4 
8.3 
7.9 
16.2 
12.9 
12.8 
14.0 
60.9 
54.2 
63.1 
59.4 
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over was greater in cross §l2 (62.8% vs. 59A%), Averaged 
over years (Table 26), however, means of total crossing over 
in the checks were identical (09.85? and 69.3% for crosses 
#l2 and #Il2, respectively). 
In 1968 actinomycin D treatment tended to increase total 
crossing over (Tables 24 and 25). For cross #Il2 (Table 25) 
all treatments increased total recombination, whereas in cross 
#l2 total recombination was increased by 0.001% and 0.01% 
(Table 24). Crossover percentages for the lgi-gl2 region of 
both crosses and the fl]_-v4 region of cross §ll2 were in­
creased by all treatments (Tables 24 and 25); the former re­
gion was reduced by all treatments in 1967. 
Two-year mean total crossover percentages for the whole 
chromosome segment (Table 26) showed 0.01% actinomycin D pro­
duced a consistent reduction in recombination, i.e., -2.4% 
and -4.3% for crosses #l2 and ifll2> respectively. Regions 
lgl-gl2 and sk-fli of cross §l2 were consistently decreased 
in crossover percentage by actinomycin D. The gl2-sk region 
of this cross was increased in crossover percentage by all 
treatments, whereas the centromere region (fli-v4) displayed 
little effect. Cross #1X2 (Table 26) showed little effect 
in any except the centromere region, which was decreased by 
all treatments. 
Combined means (combined over crosses and years) showed 
all treatments increased the gl2-sk region crossover percent­
age; the greatest increase (+2.5%) was caused by 0,001% actin-
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Table 26, Two-year and combined mean crossover percentages for 
each region and total segment (lgi-v4) of chromosome 
2 for crosses #l2 and 
Cross and 
actinomycln D Chromosme region Total 
concentration lgi-gl2 gl2-sk sk-fl^ fli-vi] segment 
Two-year means 
l2 
0.00% (HpO + 21.3 21.7 6.5 18.0 67 .6  
ETOH) 
0 .001% 19.4 29.2 7.8 20.1 76 .6  
0.005% 18.9 24.0 7.0 19.4 69 .2  
0 .01% 15.2 25.9 6 . 8  18.7 66.6 
Check 19.5 22.5 8.0 18 .9  69 .0  
Mean 18.9 24.7 7.2 19.0 69 .8  
Il2 
0 .00% (H2O + 20.6 25 .2  7.8 18.2 71.8 
ETOH) 
0.001% 19.0 22.7 10.3 13.4 65.7 
0.005% 21.4 22,4 9.5 17.9 71.1 
0.01% 20 .2  23.8 8.5 14.1 66.7 
Check 20.1 23.7 8.5 18.6 71.0 
Mean 20.3 23.6 8.9 16.4 69.3 
Combined 
0.00% (HpO + 20.9 23.5 7.2 18.1 69.7 
ETOH) 
0 .001% 19.7 25.6 9.1 16.1 70 .8  
0 .005% 20.1 23.2 8.2 18.6 70 .2  
0 .01% 18.8 24.4 7.3 14.3 64.9 
Check 19.7 23.1 8.5 19.0 70.4 
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omycin D, The centromere region was decreased by all concen­
trations but most drastically by 0.01% (-4,7#). Combined 
mean total crossovers (Table 26) showed only 0.01% actinomy-
cin D caused a marked effect (-5.5%). 
Analyses of variance of crossover percentages (Table 27) 
gave significant mean squares for years and years x crosses 
components for regions lgi-gl2 and gl2-sk and for years and 
years x treatments for total crossing over. All other sources 
of variation were non-significant. 
Analyses of crossover percentages by Pt/Po ratios (Suzuki, 
1962) showed the inconsistent effects of actinomycin D on each 
chromosome region (Figures 8-11). For example, in 1967 (Fig­
ures 8 and 9) crossing over in the lgi-gl2 region of both 
crosses was decreased by all treatments (three were signifi­
cant), whereas recombination in the centromere region was 
generally increased (one significant) in cross #12 and de­
creased by all treatments in cross #Il2 (two significant 
changes). Likewise for cross #112» 0,01% actinomycin D de­
creased crossover percentages of all regions in 1967 (Figure 
9) but increased them in I968 (Figure 11). Region sk-fl^ of 
cross §l2 was increased by all concentrations in 1967 but 
decreased in 1968 (Figures 8 and 10). Alcohol-control af­
fected cross #l2 more than #Il2î however, 0.01% produced 
greater effects in cross #1X2 than #12. The 0.005% concen­
tration caused little effect in either cross. 
Ratios for the crossover percentages of the total Igi-v/} 
Table 27. Mean squares from analyses of variance of crossover percentages (trans­
formed to arcsln VT) for each region and the total segment (Ig^-vi]) of 
chromosome 2 in the 1967 and I968 actinomycin D recombination experi­
ments 
Source of 
variation D.F. lgl-gl2 glg-sk sk-fli fll-v4 
Total 
segment 
Years 1 0 .038**  0.060* 0.004 0.104 0 .233**  
Crosses 1 0.002 0.000 0.082 0.001 0.000 
Treatments 4 0,001 0.001 0.048 0.033 0,007 
Years x crosses 1 0.006* 0.008* 0.026 0.011 0.028 
Years x treatments 4 0.003 0.001 0.024 0.006 0.049* 
Crosses x treatments 4 0.002 0.004 0.019 0.017 0,011 
Years x crosses x 
treatments 
4 0.002 0.001 0.013 • 0.006 0.016 
Error 35 0.001 0.002 0.038 0.034 0,007 
*,** Significant at 5% and \% level of probability, respectively 
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segment of chromosome 2 were affected more by actinomycln D 
In cross #1X2 than in cross #12 each year (Figure 14). Also, 
crosses reacted differently among years. For example, cross 
#Il2 was decreased by all treatments in 196? but increased 
in 1968 [similar to results obtained by Suzuki (1965a) for 
Drosophila], Total crossing over in cross //I2 was increased 
both years by 0.001% actinomycin D, 
Mean magnitudes of significant Pt/Po values (signifi­
cantly different from 1.0 at the 5% level of probability) for 
each treatment and chromosome region (Table 28) showed incon­
sistency of reaction to actinomycin D. The mean of all sig­
nificant effects in the lgi-gl2 region (Table 30) showed in­
creased crossing over of 2%, Recombination in region gl2-sk 
was significantly increased by all concentrations (Table 28) 
and showed a mean effect of +12% (Table 30). The sk-fli 
region was not affected. The centromere region (fl^-vij) was 
most drastically affected by 0.001% and 0.01% actinomycin D 
(-43% and -41%, respectively). 
Alcohol injection produced its greatest effect in the 
lgQ_-gl2 region, cross #l2 being affected more than cross #Il2 
(Tables 28 and 29), and 0.001% concentration affected each 
region inconsistently but generally increased crossing over 
20% (Table 29). On the other hand, 0.01% decreased all regions 
an average of 11% (Tables 28 and 29) and consistently decreased 
cross #I2 but affected cross #1X2 variably (Table 29). 
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Table 28. Mean magnitudes {%) of significant P^/Po values 
for each actinomycin D treatment and region of 
chromosome 2 
Chromosome Actinomycin D concentration 
region 0 .00% 0.001% 0.005% 0.01% 
lgl-gl2 +33 -13 +30 -32 
gl2-sk +3 +32 +9 +14 
sk—fl^ +12 +25 0 -19 
fl^-v^ 0 -43 +18 -41 
Table 29. Mean magnitudes {%) of significant P^/Po 
for each actinomycin D concentration 
values 
Actinomycin D concentration 
Cross 0.00% 0.001% 0.005% 0.01% 
fig 
1967 +71 +14 +14 -29 
1968 -26 +50 0 -12 
#Il2 
1967 +3 -11 0 -66 
1968 0 +25 +30 +62 
Mean +12 +20 +11 -11 
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Table 30. Mean magnitudes 
for each region 
(%)'0f significant p^/po 
of chromosome 2 
values 
Cross lgl-gl2 
Chromosome region 
gl2-sk sk-fli fll-v4 
#I2 
1967 -25 +13 +37 +18 
1968 +21 +32 -42 +6 
#112 
1967 r-16 +3 -43 -58 
1968 + 30 0 +48 +55 
Mean +2 +12 0 +5 
Magnitudes of significant p^/Pq values for two-year mean 
crossover percentages (Tables 31 and 32) showed the largest 
effect was obtained with 0.001% (+12%). The 0.01% concentra­
tion decreased crossing over 4%, whereas alcohol increased it 
4%, and 0,005% produced no significant effects. Recombination 
in region fli-v% was significantly decreased 14%, whereas 
regions gl2-sk and sk-fli were significantly increased 11% 
(Table 32). The 0% values in Table 32 resulted from incon­
sistent effects cancelling each other when averaged over years. 
Total crossing over was little affected by any treatment 
(Table 33). The greatest magnitudes of significant effects 
were obtained for the 0,01% treatment of cross #Il2 (-34% and 
+33% for 1967 and 1968, respectively). This concentration 
produced a general reduction in total crossing over (Table 33). 
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Table 31. Mean magnitudes i % )  of significant p^/po values 
of two-year means for each actinomycin D concen­
tration 
Actinomycin D concentration 
Cross 0.00% 0.001% 0.005% 0.01% 
iPlg +9 +30 0 
-7 
#1X2 0 -7 0 0 
Mean +4 +12 0 -4 
Table 32. Mean magnitudes i % )  of significant P^/Po values 
of two-year means for each region of chromosome 2 
Cross 
Chromosome region 
lgl-gl2 gl2-sk sk-fli fll-v4 
# I2 -13 +22 0 0 
#Il2 0 0 +21 -28 
Mean -6 +11 +11 -14 
Table 33. Mean magnitudes (%) of 
total crossing over for 
tration 
significant p^/Po 
' each actinomycin 
values of 
D concen-
Actinomycin D concentration 
Cross 0.00% 0.001% 0.005% 0.01% 
iPlg 
1967 0 +7 +7 
-9 
1968 0 +16 0 +3 
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Table 33. (Continued) 
Actinomycin D concentration 
Cross 0.00% 0.001% 0.005% 0.01% 
eiig 
1967 0 -18 -10 -34 
1968 5 0 +14 +33 
Mean +1 +1,. ' +3 -2 
Effects of actinomycin D on types of crossovers recovered 
Tables 3.4-36 give mean percent types of crossover re­
covered for the total Ig^-vij segment in each actinomycin D 
recombination experiment, Percent types of crossovers for 
individual plants are given in Appendix Tables 74 and 75. 
In 1967 actinomycin D increased single crossovers 2% in each 
cross. In 1968 cross #l2 showed increased single crossovers 
of 1% and 6% for the P2 and testcross progeny, respectively. 
P2 progeny of cross #Il2 in 1968 displayed a-4% increase in 
singles. There were no check testcross progeny for cross 
#Il2 in 1968, Double and triple crossovers generally were 
decreased by actinomycin D, and there was little effect on 
the frequencies of quadruple exchanges. 
Averaged over crosses and years, single crossovers were 
Increased by all actinomycin D concentrations (including 
0,00%), Conversely, doubles were decreased by all treatments, 
whereas triples and quadruples were generally unchanged. 
Table 3^. Mean percent types of crossovers for each treatment in the 196? actlno-
mycln D recombination experiment 
Cross and 
actinomycin D Types of crossovers 
concentration Non-crossovers Singles Doubles Triples Quadruples 
#l2 
0.00% (HgO + ETOH) 
0.001% 
0.005% 
0.01% 
Check 
#ll2 
0.00% (HgO + ETOH) 
0.001% 
0.005% 
0.005%& 
0.01% 
Check 
Check®' 
37.9 
38.3 
37.8 
40.4 
43.6 
36 .8  
41.2 
38.9 
43.4 
45.3 
39.6 
35.6 
30.9 
27.1 
25.3 
30.0  
26.7 
27.9 
24.0 
27.4 
41.2 
2 2 . 2  
23.1 
41.6 
2 5 . 0  
28.1 
2 8 . 8  
22.5 
2 3 . 2  
2 6 . 6  
25.1 
24.5 
13.2 
27.9 
2 8 . 2  
1 6 . 8  
4.5 
5.4 
7.6 
6.4 
5.7 
7.8 
8.3 
7.8 
2 . 2  
4.2 
7.9 
5.9 
1.4 
1 .1  
0.5 
0.7 
0.9 
0.9 
1.4 
1.4 
0 . 0  
0.4 
1.2 
0 . 0  
BTestcross progeny data 
Table 35. Mean percent types of crossovers obtained from Pg progeny data for each 
treatment In the 1968 actlnomycln D recombination experiment 
Cross and 
actlnomycln D 
concentration Non-crossovers 
Types 
Singles 
of crossovers 
Doubles Triples Quadruples 
#l2 
0.00% (H2O + ETOH) 39.5 37.6 20.3 2.4 0.2 
0.001% 36.9 39.2 19.2 3.8 0.8 
0.005% 42.0 39.0 15.8 1.8 1.2 
0.01%a 
- -
-
- -
Check 40.4 31.5 23.3 4.1 0.7 
#ll2 
0.00% (HgO + ETOH) 40.3 35.2 19.8 3.7 1.0 
0.001% 42.1 32.9 18.9 5.5 0.7 
0.005% 43.8 34.3 16.6 5.3 0.0 
0.01%& 
-
- - - -
Check 43.7 30.4 20.5 5.0 0.4 
^No Pg progeny obtained 
Table 36. Percent types of crossovers obtained from testcross progeny data for each 
treatment in the 1968 actinomycin D recombination experiment 
Cross and 
actinomycin D 
concentration Non-crossovers 
Types 
Singles 
of crossovers 
Doubles Triples Quadruples 
§l2 
0.00% (HgO + ETOH) 49.7 40.3 8.9 1.0 0.0 
0.001%a 
- - - -
-
0.005% 49.7 41.0 8.6 0.7 0.0 
0.01% 50.3 37.6 10.7 1.0 0.3 
Check 53.1 33.9 11.9 1.0 0.0 
ffll2 
0.00% (HgO + ETOH)a 
-
- - -
-
0.001% 49.2 42.5 7.5 0.7 0.0 
0.005% 41.7 49.3 6,0 3.0 0.0 
0.01% 38.9 47.2 9.7 4.1 0.0 
^No testcross progeny obtained 
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Actinomycin D tended to decrease non-crossovers. 
Effect of actinomycin D on crossing over in male and female 
flowers 
Percent crossovers in male and female flowers for each 
treatment are given in Table 37. Significant deviations from 
equal crossing over in the two sexes within years (chi-square 
tests. Table 39) were not associated with actinomycin D treat­
ments . 
Combined mean crossovers, however, were substantially 
decreased in male flowers and concomitantly increased in 
female flowers as actinomycin D concentrations were increased 
(Table 38). Chi-square tests (Table 40) showed the 0.01% 
treatment significantly deviated from the expected 1:1 ratio. 
Effect of actinomycin D on recovery of recombinant phenotypes 
Percent recombinant phenotypes recovered from each region 
of all treated corn plants are given in Tables 41-44. In 1967 
every treatment decreased recombinant phenotypes in the Ig^-
gl2 region of cross #I2> and the largest decrease (-7.1%) was 
caused by 0.01% actinomycin D (Table 4l). All other regions 
in this cross reacted variably. Opposite results were ob­
served for cross #l2 in 1968, i.e., recombinants recovered 
from regions lgi-gl2 and gl2-sk were increased by all treat­
ments, whereas in the sk-fl^ region they were decreased. In 
1967 all regions of cross #Il2 (Table 42) reacted inconsist­
ently to actinomycin concentrations, but 0.01% reduced the 
Table 37. Percent crossovers occurring in the male and female flowers of each treat­
ment of crosses iCIg and ^Ilg In the I967 and I968 actlnomycln D recombin­
ation experiments 
§l2 Two-year Two-year 
Actlnomycln D Male Female means Male Female means 
concentration I967 1968 19^7 1968 6" S 1967 1968 1967 1968 a* * 
0.00% (HpO + 58.9 61.3 41.1 38.7 59.9 40.1 46.9 48.2 53.1 51.8 47.8 52.2 
ETOH) 
0.001% 51.3 65.3 48.7 34.7 54.5 45.5 35.8 50.4 64.2 49.6 46.1 53.9 
0.005% 48.1 50.0 51.9 50.0 48.7 51.3 35.3 59.4 64.7 40.6 50.0 50.0 
0.01% 35.9 - 64.1 - 35.9 64.1 39.1 - 60.9 - 39.1 60.9 
Check 61.8 43.8 38.2 56.2 49.4 50.6 54.2 49.8 45.8 50.2 51.2 48.8 
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Table 38. Mean^ percent crossovers in maie and female flowers 
for each actinomycin D treatment 
Actinomycin D 
concentration Male Female 
0,00% (H2O + ETOH) 52.7 47.3 
0,001% 50.0 50,0 
0.005% 49.2 50,8 
0.01%b 37,6 62.4 
Check 50.4 49,6 
^Means across both crosses and both years 
bOnly one year's data available 
regions 2.5%, 1.8%, 5*5%, and 5-0%, respectively. None of the 
regions of cross #Il2 was affected consistently in 1968 (Table 
44). 
Percent recombinant phenotypes recovered from the total 
IS1-V4 segment (Table 45) were Increased by the alcohol con­
trol (+3.0% and +2.2% for crosses #l2 and #ll2, respectively) 
but were variably affected by other treatments. Averaged 
over treatments, total recombinant phenotypes in cross #12 
were increased in I967 and decreased in 1968, whereas in 
cross #Il2 they were decreased and increased in the respective 
years. 
Two-year and combined mean total recombinant phenotypes 
are given in Table 46 and summarized relative to the checks 
(t/c) in Figure 17. Any value greater than 1,0 represents an 
Table 39. Chi-square test of equal (50%) crossing over in the 
male and female flowers of each treatment of crosses 
and In the 196? and 1968 actinomycin D re­
combination experiments 
Number of crossovers 
Actinomycin D 
concentration 
#l2 
pb Total M 
flip 
P 
0.00% (HgO + 
ETOH) 
0 
E 
X2 
126 
107 
6.75** 
88 
107 
214 75 
80 
85 
80 
0.62 
0.001% 
0 
X2 
121 
118 
0.15 
115 
118 
236 38 
53 
68 
53 
8.49** 
0.005% 
0 76 
79 
0.23 
82 
79 
150 24 
34 
44 
34 
5.88* 
0.01% 
0 14 
19.5 
3.10 
25 
19.5 
39 18 
23 
28 
23 
2.17 
Check 
0 
E 
X2 
120 
97 
10.91** 
74 
97 
194 129 
119 
109 
119 
1.68 
aMale 
^Female 
«^««Significant at 5% and 1% level of probability, re­
spectively 
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Number of crossovers 
1968 
#l2 #Il2 
Total M F Total M F Total 
160 92 58 150 179 192 371 
75 75 185.5 185.5 
7.71** 0.46 
106 47 25 72 126 124 250 
36. 36 125 125 
6.72** 0.02 
68 34 34 68 63 43 106 
34 34 53 53 
0.00 3.77 
46 
238 189 242 431 246 248 494 
215.5 215.5 247 247 
6.52* 0.01 
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Table 40, Chi-square tests of equal (50%) crossing over in the 
male and female flowers of each treatment in the 
actinomycin D recombination experiments (combined 
over years and crosses ) 
Actinomycin D Number of crossovers 
concentration Male Female Total 
0.00% (H2O + ETOH) 
0 
E 
X2 
472 
447.5 
2.68 
423 
447.5 
895 
0.001% 
0 
E 
X2 
332 
332 
0.00 
332 
332 
664 
0.005% 
0 
E 
X2 
197 
200 
0.09 
203 
200 
400 
0.01% 
0 
E 
X2 
32 
42.5 
5.19* 
53 
42.5 
85 
Check 
0 
E 
X2 
684 
678.5 
0.09 
673 
678.5 
1357 
^Significant at 5% level of probability 
increase, and any less than 1.0 represents a decrease in re­
combinant phenotypes recovered. Two-year means of both 
crosses (Figure 17) were increased and decreased by 0.00% and 
0.01% treatments, respectively. The 0.001% concentration 
produced opposite results in the two crosses, i.e., it in­
creased recombinants in cross #l2 and decreased them in cross 
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Table 41. Percent recombinant phenotypes recovered for each 
region of chromosome 2 of cross iflo in the 19ô7 
actinomycin D recombination experiment 
Actinomycin D 
concentration 
and plant 
number lgi-gl2 
Chromosome region 
gl2-sk sk-fli fli-v4 
0.00% (HgO + ETOH) 
2 
3 
Mean 
0.001% 
Mean 
0.005% 
Mean 
0.01% 
Mean 
Checks 
Mean 
1 
2 
3 
1 
2 
3 
1 
2 
3 
21.9 
19.6 
24.8 
22.1 
23.7 
2 0 . 8  
19.7 
21.4 
15.4 
21.8 
24.8 
20.7 
16.1 
16.1 
21.9 
24.0 
23.6 
23.2 
23.7 
26.3 
26.4 
25.5 
26.9 
32.5 
26.1 
28.5 
2 6 . 0  
23.5 
27.8 
2 5 . 8  
2 9 . 6  
2 9 . 6  
22.9 
21.2 
29.7 
24.6 
24.4 
2 2 . 2  
14.2 
20.3 
19.9 
19.8 
20.5 
20.1 
17.3 
26.9 
2 5 . 2  
23.1 
2 0 . 6  
2 0 . 6  
18.9 
15.3 
16.4 
16.9 
3 8 . 2  
36.4 
22.0 
3 2 . 2  
3 6 . 6  
32.5 
30.9 
33.3 
39.4 
39.5 
34.3 
37.7 
31.5 
31.5 
30 .6  
28.1 
31.4 
30 .0  
#1X2, whereas 0.005% produced no effect in either cross. On 
a combined basis (Figure 17) all treatments, except 0.01%, in­
creased total recombinant phenotypes. Alcohol produced the 
greatest effect, whereas 0,005% caused the smallest effect. 
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Table 42. Percent recombinant phenotypes recovered for each 
region of chromosome 2 of cross #Il2 in the 196? 
actinomycin D recombination experiment 
Actinomycin D 
concentration 
and plant 
number lgi-gl2 
Chromosome region 
gl2-sk sk-fli fll-vl| 
0.00% (H2O + ETOH) 
1 21.6 
2  2 2 . 6  
3 17.3 
Mean 20.5 
0.001% 
1 16.4 
2 19.0 
3 18.1 
Mean 17.8 
0.005% 
1 20.3 
2 19.7 
3^ 21.3 
Mean (F2 data) 20.0 
Mean (Testcross 21.3 
data) 
0.01% 
1 16.7 
2 17.7 
3 17.8 
Mean 17.4 
Checks 
1 19.6 
2 22.1 
3 18.0 
4a 24.8 
Mean (P2 data) 19.9 
Mean (Testcross 24.8 
data) 
26.5 21.0 37.6 
26.0 26.8 38.9 
25.2 24.9 33.6 
25.9 24.2 36.7 
20.0 32.4 36.0 
24.1 28.0 31.9 
22.2 31.5 33.8 
22.1 30.6 33.9 
24.8 26.1 30.6 
22.7 25.0 41.7 
19.1 14.7 19.1 
23.8 25.6 36.1 
19.1 14.7 19.1 
17.9 20.2 33.3 
21.5 19.0 27.8 
25.9 26.4 34.5 
21.8 21.9 31.9 
25.2 24.9 37.2 
22.9 27.3 37.9 
22.6 30.0 35.4 
26.7 10.9 29.7 
23.6 27.4 36.9 
26.7 10.9 29.7 
^-Testcross progeny data 
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Table 43. Percent recombinant phenotypes recovered for each 
region of chromosome 2 of cross #I2 in the 1968 
actinomycin D recombination experiment 
Actinomycin D 
concentration 
and plant 
number lSl-gl2 
Chromosome region 
gl2-sk sk-fl]_ fll-vii 
0.00% (HpO + ETOH) 
1 
2 
3% 
Mean (P2 data) 
Mean (Testcross 
data) 
0.001% 
3 
Mean (P2 data) 
0 . 0 0 5 %  
la 
2a 
3 
Mean (P2 data) 
Mean (Testcross 
data) 
0.01% 
la 
Mean (Testcross 
data) 
17.6 
25.6 
16 .2  
21.6 
16.2 
16.9 
16.9 
15.5 
15.8 
13.4 
13.4 
15.6 
15.9 
15.9 
2 0 . 6  
28.2 
18.8 
24.4 
18.8 
26.9 
26.9 
18.8 
19.7 
20.7 
20.7 
19.3 
21.4 
21.4 
12.1 
12.8 
10.0 
12.4 
10.0 
21.5 
21.5 
9.1 
7.9 
19.5 
19.5 
8.5 
8.3 
6.3 
29.1 
24.8 
15.2 
27.0 
15.2 
28.5 
28.5 
15.1 
18.4 
27.4 
27.4 
1 6 . 8  
19.3 
19.3 
Checks 
1 
2 
3 
4a 
Mean (P2 data) 
Mean (Testcross 
data) 
13.2 
13.1 
14.3 
14.3 
13.5 
14.3 
19.6 
18.9 
16.3 
16.1 
18.3 
16.1 
27.0 
28.2 
29.8 
11.5 
28.3 
11.5 
30.0 
36 .8  
31.8 
18.9 
32.9 
18.9 
aTestcross progeny data 
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Table 44. Percent recombinant phenotypes recovered for each 
region of chromosome 2 of cross #Il2 in the 1968 
actlnomycin D recombination experiment 
Actlnomycin D 
concentration 
and plant 
number lgl-gl2 
Chromosome 
gl2-sk 
region 
sk-fli fll-v4 
0.00% (HpO + ETOH) 
16.0 1 22.1 23.9 23.5 
2 15.4 21.7 22.6 26.7 
3 17.4 19.2 25.9 35.7 
Mean (P2 data) 16.2 21.0 24.1 28.6 
0.001% 
1 16.5 20.9 23.8 28.6 
2% 16.4 23.1 8.2 11.9 
3 . 18.3 18.0 25.4 27.1 
Mean (Pg data) ' 17.4 19.4 24.6 27.9 
Mean (Testcross 16.4 23.1 8.2 11.9 
data) 
0.005% 
la 21.4 19.6 14.3 14.3 
2a 25.9 25.2 8.4 9.1 
3 16.6 17.8 21.9 28.4 
Mean (P2 data) 16.6 17.8 21.9 28.4 
Mean (Testcross 23.6 22.4 11.3 11.7 
data) 
0.01% 
la 22.6 21.8 13.5 22.6 
2a 17.2 26.1 13.4 20.9 
Mean (Testcross 19.9 24.0 13.5 21.7 
data) 
Checks 
1 14.6 18.2 26.7 30.5 
2 17.3 16.0 22.8 27.9 
3 15.0 21.7 26.4 27.6 
Mean (P2 data) 15.6 18.6 25.3 28.6 
&Testcross progeny data 
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Table 45. Percent recombinant phenotypes recovered for the 
segment of chromosome 2 of all treated corn 
plants of crosses and #Il2 In the 1967 and 1968 
actinomycln D recombination experiments 
Actinomycln D 
concentration 
and plant #l2 #112 
number 1967 1968 1967 1968 
0.00% (HpO + ETOH) 
1 65.3 57.8 61.9 55.4 
2 62.1 63.2 66.0 59.3 
3 58.0 50.2 61.8 64.3 
Mean 61.8 57.1 63.2 59.7 
0.001% 
1 62.6 - 57.7 57.7 
2 63.9 - 62.1 50.7 
3 58.6 63.1 56.5 58.1 
Mean 61.7 63.1 58.8 55.5 
0.005% 
1 61.0 48.6 60.8 60.7 
2 64.7 52.0 61.3 55.9 
3 60.8 57.9 56.6 56.2 
Mean 62.2 52.8 59.6 57.6 
0.01% 
1 59.6 49.6 52.4 
2 - 51.9 63.1 
3 - 59.8 58.9 
Mean 59.6 49.6 54.7 61.0 
Check 
1 57.0 55.9 59.9 57.2 
2 52,2 62.9 62.4 54.2 
3 60.0 60.0 58.8 57.5 
4 - 46.8 64.3 
Mean 56.4 56.4 61.4 56.3 
1.15 
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Figure l6. Treated/control (t/c) values for percent recombinant phenotypes for 
each actinomycin D treatment 
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Figure 17. Treated/control (t/c) values for two-year and combined mean percent re­
combinant phenotypes for each actinoinycin D treatment 
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Table 46. Two-year and combined^ mean percent recombinant 
phenotypes recovered for the Ig^-v^ segment of 
chromosome 2 
Actinomycin D 
concentration Cross #I2 Cross #Il2 
Combined 
means 
0.00% (H2O + ETOH) 59.4 61.4 60.4 
0.001% 62.1 57.1 59.1 
0.005% 57.5 58.6 58.0 
0.01% 54.6 57.2 56.5 
Check 56.4 59.2 57.8 
^Summed over both crosses and both years 
Calcium Recombination Studies 
The 1967 calcium recombination experiment produced few 
viable Pg seeds; thus accurate progeny classification was 
impossible. Data from the experiment were discarded; but 
data from the 1968 calcium study are presented. 
Effect of calcium on agronomic traits 
Means of number of tillers per plant, plant height, and 
tassel date for all calcium levels are given in Table 47. 
There was little variation between treatments for any agro­
nomic trait, e.g., considering both crosses, ranges were 0.0 
to 1.0, 99 to 121, and 50 to 55 for number of tillers per 
plant, plant height, and tassel dates, respectively. No mean 
square from the analyses of variance for the three traits 
was significant (Table 48). 
Table 47. Mean number of tillers per plant, mean plant height, and mean tassel 
date for each treatment in the I968 calcium recombination experiment 
Calcium 
treatments 
Number 
of 
tillers 
Plant 
height®-
Tassel 
dateb 
Number 
of 
tillers 
Plant 
height^ 
Tassel 
dateb 
100.00% 0.0 121 53 0.3 119 53 
400.00% 0.7 107 50 0.7 109 52 
1600.00% 0.7 119 51 1.0 112 51 
25.00% 0.0 99 52 0.7 103 55 
6.25% 0.0 102 55 0.0 100 54 
1.56% 0.0 109 51 0.0 106 54 
0.00% 0.0 112 52 0.0 107 54 
^Centimeters 
^Days after emergence 
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Table 48. Mean squares from analyses of variance of agronomic 
traits in the 1968 calcium recombination experiment 
Source of Number of Plant Tassel 
variation D.F. tillers height date 
Replications 2 0.50 451.50 6.50 
Treatments 6 0.71 292.52 11.52 
Crosses 1 0.38 34.38 14.88 
Treatments x 6 0.10 20.16 4.82 
crosses 
Error 26 0.47 298.37 14.91 
Some definite trends did appear evident. For cross 
plant height for control and excess calcium levels was 116 cm, 
whereas for deficient levels it was 106 cm. For cross #ll-j 
the control-excess and deficient mean heights were 115 cm 
and 104 cm, respectively (Table 47). Likewise, there were 
fewer tillers per plant with calcium deficiencies than with 
the control-excess levels (0.0 vs. 0.5 and 0.2 vs. 0.7 for 
crosses and #11^, respectively), and deficient treatments 
generally caused later tasseling than control-excess levels. 
The tallest plants were those grown with 100% calcium, 
and general increases in height occurred as the calcium level 
was varied from 400% to 1600% and from 25% to zero (Table 47). 
None of these heights, however, approached those of the con­
trol plants. 
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Effect of calcium on crossover percentages 
Relative frequencies of genotypic classes for crosses 
#17 and #IIy (Appendix Tables 66 and 67) were generally sim­
ilar for all plants. There were, however, more non-recovered 
classes in cross #IIy than in cross 
Crossover percentages for individual plants (Tables 49 
and 50) were quite variable. There were several estimates 
of 0.0% crossing over for each region, probably the conse­
quence of inadequate progeny sample sizes. Although most 
0.0% estimates were from samples of 100 or more, this sample 
size may have been too small. There was no association be­
tween calcium level and 0.0% crossing over. 
Differential calcium levels produced no consistent 
regional effects on crossover percentages in cross #11^ 
(Table 50). All treatments decreased crossing over in the 
02-V5 region of cross whereas the other regions reacted 
variably (Table 49). The only significant mean square in the 
analyses of variance was for blocks in the ra^-gl^ region 
(Table 51). 
Total crossing over (Tables 49 and 50) was decreased in 
both crosses by 1600% and 25% treatments but increased by 
6.25% calcium. Analysis of variance gave significant mean 
squares for blocks (0.01) and treatments (0.05). Dunnett's 
tests (Table 52) showed the 9.5% increase produced by 6,25% 
calcium was significantly different from the check. 
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Table 49. Crossover percentages for each region of chromosome 
7 for all plants of cross in the 1968 calcium 
recombination experiment 
Calcium 
treatment and Chromosome region Total 
plant number 
1 LTV > 1 C\
J o
 v^-rai rai-gli segmei 
100.00% 
1 0.0 10.0 7.4 17.4 
2 7.1 6.6 0.0 13.7 
Mean 3.6 8.3 3.7 15.6 
400.00% 
1 17.8 11.2 8.8 37.8 
3 6.5 8.3 5.6 20.4 
Mean 12.2 9.8 7.2 29.1 
1600.00% 
1 0.0 7.3 10.2 17.4 
2 7.6 0.0 4.2 11.8 
3 9.0 6.1 3.4 18.4 
Mean 5.5 4.4 5.9 15.9 
25.00% 
1 8.0 8.7 6.9 23.6 
2 5.0 5.4 5.7 16.0 
3 11.7 4.2 3.4 19.3 
Mean 8.2 6.1 5.3 19.6 
6.25% 
1 8.8 7.6 8.3 24.7 
2 11.9 5.8 3.5 21.2 
3 14.4 8.8 6.1 29.2 
Mean 11.7 7.4 6.0 25.1 
1.56% 
1 17.4 0.0 7.8 25.2 
2 10.6 9.8 8.0 28.4 
3 7.6 9.2 2.6 19.4 
Mean 
n A n 
11.9 6.3 6.1 24.3 
U • UU/b 
1 7.6 8.3 0.0 16.0 
2 12.3 6.9 3.2 22.4 
Mean 10.0 7.6 1.6 19.2 
Checks 
1 17.2 6.7 2.3 26.2 
2 10.6 7.1 3.9 21.6 
3 9.9 5.3 2.1 17.3 
Mean 12.6 6.4 2.7 21.7 
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Table 50. Crossover percentages for each region of chromosome 
7 for all plants of cross Jfllf in the 1968 calcium 
recombination experiment 
Calcium 
treatment and Chromosome region Total 
plant number 02-V5 v^-rai rai-gli segment 
100.00% 
2 10.4 9.0 4.7 24.1 
Mean 10.4 9.0 4.7 24.1 
400.00% 
2 7.5 9.6 5.3 22.4 
3 14.8 4.5 0.0 19.3 
Mean 11.1 7.0 2.7 20.8 
1600.00% 
2 0.0 3.7 3.4 7.1 
Mean 0.0 3.7 3.4 7.1 
25.00% 
1 9.1 6.6 7.2 23.0 
2 0.0 7.5 0.0 7.5 
Mean 4.6 7.1 3.6 15.2 
6.25% 
1 24.8 22.9 7.3 55.0 
2 15.9 9.5 4.1 29.5 
3 19.4 9.7 3.2 32.3 
Mean 20.0 l4.0 4.9 38.9 
1.56% 
2 0.0 12.8 9.1 21.9 
Mean 0.0 12.8 9.1 21.9 
0 . 0 0 %  
2 13.3 6.4 5.6 25.3 
3 12.2 9.5 5.5 27.3 
Mean 12.8 7.9 5.6 26.3 
Checks 
1 24.0 4.9 4.4 33.3 
2 6.5 4.5 6.6 17.7 
3 9.0 10.2 0.0 19.1 
Mean 13.2 6.6 3.6 23.4 
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Table 51. Mean squares from analyses of variance of crossover 
percentages for each region and for total crossover 
percentages of 02-gli segment of chromosome 7 in the 
1968 calcium recombination experiment 
Source of 
variation D.P. 02-V5 v^-rai rai-gli 
Total seg­
ment length 
Crosses 1 20.94 32,81 2.03 78.84 
Blocks 2 86.05 14,73 27.19* 249.76** 
Treatments 7 60,47 15.51 6.85 128.54* 
Treatments x 
crosses 
7 37.90 11,21 10.21 71.76 
Error 18 26,90 14,18 5.45 34.12 
*,**Significant at 5% and 1% level of probability, re­
spectively 
Crossover percentages obtained from pooled progeny (Table 
53) were used to calculate the Pt/Po values (Suzuki, 1962) 
plotted in Figures 18-23. Pooling the progeny gave larger 
sample sizes and generally reduced the confounding effects of 
0.0% crossing over. 
Mean magnitudes of significant Pt/po values (significantly 
different from 1,0 at the 5% level of probability) are given 
in Tables 5^-56. Generally, excess calcium decreased crossing 
over, whereas deficient levels increased it (Table 54). The 
greatest mean decrease was caused by l600% (-39%), whereas 
the greatest increases were +85% and +83% produced by 6,25% 
and 25% calcium, respectively (Table 5^), Recombination in 
regions v^-rai and rai-gll (Table 55) was significantly in-
Table 52, Comparisons of treatment mean total crossing over with check mean total 
crossing over by Dunnett's procedure 
Calcium 
treatment 
Mean& total 
segment length 
Difference 
from check Dunnett's value^ 
100.00% 18.4 -4.1 12.3 
400.00% 25.0 +2.5 11.3 
1600.00% 13.7 -8.8 11.3 
25.00% 17.9 -4.6 10.6 
6.25% 32.0 +9.5 8.7 
1.56% 23.7 +1.2 11.3 
0.00% 22.7 +0.2 11.3 
Check 22.5 
&Means across entries of both crosses 
^5% level of probability 
Table 53. Crossover 
combined^ 
percentages for 
progeny basis 
each region of chromosome 7 calculated on a 
Calcium 
#17 
Chromosome region Total 
#117 
Chromosome region Total 
treatment 02-V5 v^-rai rai-gli segment 02-V5 v^-rax rai-gli segment 
100.00% 5.9 8.9 4.9 19.8 10.4 9.0 4.7 24.1 
400.00% 10.3 9.4 6.8 26.4 9.7 7.6 4.2 21.5 
1600.00% 9.1 6.1 4.2 19.4 0.0 3.7 3.4 7.1 
25.00% 9.3 5.7 5.7 20.7 33.3 6.2 3.0 42.5 
6.25% 12.2 7.5 5.9 25.6 18.8 10.6 5.6 35.0 
1.56% 10.9 9.5 6.2 26.6 0.0 12.8 9.1 21.9 
0.00% 10.9 7.4 3.7 21.9 12.7 8.0 5.4 26.2 
Checks 12.2 6.1 2.5 20.8 15.6 7.4 4.6 27.6 
^Progeny from all plants in a treatment pooled 
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Figure 18. Pt/Po values for three regions of maize chromosome 
7 in cross in the i960 calcium recombination 
experiment 
Figure 19. Pt/Po values for three regions of maize chromosome 
7 in cross #lj in the 1968 calcium recombination 
experiment 
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Table 5^. Mean magnitudes {%) of significant P^/Po values for 
each calcium concentration in the 1968 calcium re­
combination experiment 
Calcium concentration 
Cross 0.00% 1.5b% 6.25% 25.00% 100.00% 400.00% 1600.00% 
#17 +38 +102 +138 +52 +30 +69 +22 
#1X7 +12 +23 +32 +114 -33 -38 -100 
Mean +25 +62 +85 + 8 3  -2 +15 
-39 
Table 55» Mean magnitudes {%) of significant P^/Po values 
for each region of chromosome 7 in the 1968 calcium 
recombination experiment 
Chromosome region 
Cross 02-V5 v^-ra^ ra^-gl} 
#17 -29 +44 +114 
nil-j -22 +58 +56 
Mean -26 +5I +85 
creased in both crosses (overall means of +51% and +85%, re­
spectively), whereas in 02-V5 it was decreased (-26%). 
Total crossing over (Table 56) was significantly increased 
by 6.25% calcium in both crosses (+23% and +27% for crosses ifl-j 
and //II7, respectively). The 0.00% and 100% calcium treatments 
produced no significant effects, and all other treatments gave 
variable results. 
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Table 56, Mean magnitudes (,%) of significant P^/Po values for 
total crossing over in 1968 calcium recombination 
experiment 
Calcium concentration 
Cross 0.00% 1.56% 6.25I 25.00% 100.00% 400.00% 1600.00% 
-a +28 +23 - - +27 
flly - - +27 +54 - -22 -74 
Mean - +14 +25 +27 - +2 -37 
^No significant effects observed 
Effect of calcium on types of crossovers recovered 
Appendix Tables 76 and 77 give frequencies of types of 
crossovers recovered for Individual plants in the 1968 calcium 
recombination experiment. Mean percent types of crossovers 
(Table 57) gave increases and decreases generally parallel to 
treatment effects on total crossing over. For example, 1600% 
calcium reduced total crossing over and the frequencies of 
single and double crossovers in both crosses (-1.2% and -2.0%; 
-8.3% and -2.7% for single and double crossovers of crosses 
and //Ily» respectively). The greater effect on total 
crossing over in cross #11^ was reflected in a larger reduction 
of single crossovers (-8.3% vs. -1.2%). Increases in total 
crossing over produced by 1.56% in cross and by 6.25% in 
cross ^Ily were reflected in increased singles and doubles 
(+1.1% and +0.7%; +2.0% and 1.1% for crosses and #11^, 
respectively). No analysis of these data was made. 
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Table 57. Mean percent types of crossovers for each treatment 
of crosses #1^ and #11- in the 1968 calcium recom­
bination experiment 
Cross and 
calcium Types of crossovers 
treatment Non-crossovers Singles Doubles Triples 
100.00% 82.9 14.6 2.2 0.3 
400.00% 81.2 13.3 4.8 0.8 
1600.00% 84.4 13.4 1.6 0.6 
25.00% 83.8 12.8 3.4 0.0 
6.25% 81.6 14.7 3.0 0.8 
1.56% 79.6 15.7 4.3 0.4 
0.00% 82.7 15.5 1.6 0.3 
Check 81.3 14.6 3.6 0.4 
#11? 
100.00% 80.0 17.8 2.2 0.0 
400.00% 84.6 12.8 2.7 0.0 
1600.00% 89.4 9.9 0.7 0.0 
25.00% 87.2 11.2 1.2 0.5 
6.25% 74.1 20.2 4.5 1.3 
1.56% 83.3 10.7 3.6 2.4 
0.00% 82.9 13.9 2.9 0.3 
Check 77.8 18.2 3.4 0.5 
Effect of calcium on recombinant phenotypes recovered 
Percent recombinant phenotypes were reduced in the og-v^ 
and v^-rai regions but were enhanced in the ra^-gli region of 
cross #Iy (Table 58). These results are consistent with 
trends of p-^/Po values (Figures 18-20), Generally, regions 
of cross #117 displayed reduced recombinant phenotypes (Table 
59), but 6.25% increased the first two regions by 3.6% and 
2.0%, respectively, and produced no effect on the rai-gli 
region. The 1600% treatment reduced recovered recombinants 
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In the regions of cross §llj by 7.9%, and 1.3%, respec­
tively. No mean square from analyses of the data for all 
regions was significant (Table 60). 
Figure 24 presents mean percent recombinant phenotypes 
of each treatment expressed relative to check values (t/c). 
Total recombinant phenotypes in cross were decreased by 
all treatments, except 1.56%, In cross #11? all treatments, 
except 6.25%, decreased total recombination. The 1.56% and 
6.25% treatments caused increases in crosses and #IIy, 
respectively. Generally, cross #11? was more severely af­
fected than cross #!?. Averaged over crosses, only 6.25% 
calcium increased total recombinants recovered (Figure 24). 
Block and treatment mean squares were significant for 
total recombinant phenotypes (Table 60), but Dunnett's tests 
of treatment vs. check means (Table 6l) gave no significant 
differences. 
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Table 58. Percent recombinant phenotypes recovered for each 
region and for the total 02-gll segment of chrom­
osome 7 of cross #1^ in the I968 calcium recombin 
ation experiment 
Calcium 
treatment and Chromosome region Total 
plant number 02-V5 v^-ra^ ra^-gli segment 
100.00% 
1 4 . 8  9 . 2  7.2 1 9 . 9  
2 ' 7.1 6.1 1.4 14.1 
Mean 5 . 9  7.7 4.3 17.0 
4 0 0 . 0 0 %  
1 13.2 9.6 7.6 2 1 . 3  
3 6.3 8.0 5 . 6  16.1 
Mean 9 . 7  8 . 8  6.6 1 8 . 7  
1600. 0 0 %  
1 10.3 5 . 2  6 . 9  17.2 
2 6 . 4  5 . 9  3.6 15.4 
3 8.3 5 . 8  3.3 14.0 
Mean 8 . 3  5 . 6  4.6 15.6 
2 5 . 0 0  % 
1 6.7 7.4 6.0 16.1 
2 7.6 4.6 5 . 2  14.5 
3 10.6 4.5 5.0 17.8 
Mean 8.3 5.5 5.4 16.1 
6.25% 
1 7.1 6.6 7.1 15.8 
2 9.8 5 . 8  3.1 16.9 
3 13.1 8.4 6 . 1  22.4 
Mean 10.0 7.0 5.4 18.4 
1 . 5 6 %  
1 13.6 8 . 6  6.2 22.2 
2 9.8 9.1 7.7 20.3 
3 6 . 9  8 . 2  2.6 1 8 . 5  
Mean 
n nn# 
10.1 8 . 6  5 . 5  20.3 
U  •  U U / o  
1 5.1 6.1 7.1 17.3 
2 10.9 5.9 3.1 17.2 
Mean 8.0 5.9 5.1 17.2 
Checks 
1 17.7 12.4 2.6 25.6 
2 9 . 5  8 . 3  3 . 6  14.3 
3 9 . 7  •  6 . 3  2.4 1 6 . 0  
Mean 12.3 9 . 0  2 . 9  1 8 . 6  
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Table 59. Percent recombinant phenotypes recovered for each 
region and for the total 02-gli segment of chrom­
osome 7 of cross §llj in the 1968 calcium recom­
bination experiment 
Calcium 
treatment and Chromosome region Total 
plant number 02-V5 v^-ra^ rai-gli segment 
100,00% 
2 , 9.2 8.1 4.3 20.0 
Mean 9.2 8.1 4.3 20.0 
400.00% 
2 5.8 9 . 6  4.8 15.4 
3 8 . 9  4.1 2 . 4  15.4 
Mean 7.4 6 . 8  3.6 15.4 
1600. 00% 
2 3.3 4.0 4.0 10.6 
Mean 3.3 4.0 4 . 0  10.6 
25.00 % 
1 4.2 3.6 4.8 1 2 . 0  
2 1 3 . 6  6.4 1.8 13.6 
Mean 8 . 9  5.0 3.3 12.8 
6.25% 
1 15.5 13.8 5.2 2 9 . 3  
2 14.3 8 . 8  7.8 21.2 
3 14.6 7.9 2.9 21.2 
Mean 1 4 . 8  10.2 5 . 3  25.9 
1 . 5 6 %  
2 8 . 3  9.5 7.1 16.7 
Mean 
n 
8.3 9.5 7.1 16.7 
U • UU/o 
2 10.1 4.8 4.3 1 3 . 3  
3 10.7 9.1 5.4 20.8 
Mean 10.4 6 . 9  4.8 17.0 
Checks 
1 19.4 9 . 5  4.5 26.0 
2 6.6 4.9 8.2 2 1 . 2  
3 7.6 10.2 3 . 2  19.1 
Mean 11.2 8.2 5.3 22.1 
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Figure 24. Treated/control (t/c) values for percent recombinant phenotypes for 
each calcium treatment 
Table 60. Mean squares from analyses of variance for percent recombinant pheno-
types recovered for. each region and for the 02-gli total segment of 
chromosome 7 in the 1968 calcium recombination experiment 
Source of 
variation D.F, 02-V5 V5-rai rai-gli 
Total 
segment 
Crosses 1 5.43 1.18 0.41 8.97 
Blocks 2 12.42 9.66 11.02 48.29* 
Treatments 7 15.30 9.97 2.07 33.34* 
Treatments x 
crosses 
7 9.78 3.23 3.76 19.53 
Error 18 16.17 4.62 3.63 9.80 
*Significant at 5^ level of probability 
Table 61. Comparisons of treatment mean percent recombinant phenotypes recovered 
for the 02-gli total segment with mean percent recombinant types re­
covered in the checks 
Calcium 
treatment 
Mean& percent 
recombinant types 
Difference 
from check Dunnett's value^ 
1 0 0 . 0 0 %  1 8 . 0  - 2 . 4  6 . 6  
4 0 0 . 0 0 %  1 7 . 1  o
n on 1 6 . 1  
1600.00% 1 4 . 3  1
—
1 MD 1 6 . 1  
2 5 . 0 0 %  
CO 1—1 
- 5 . 6  5 . 7  
6 . 2 5 %  2 2 . 1  + 1 . 7  4 . 7  
1 . 5 6 %  1 9 . 4  — 1 . 0  6 . 1  
0 . 0 0 %  1 7 . 1  
-3.3 6 . 1  
Check 2 0 . 4  
^Means across both crosses 
^3% level of probability 
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DISCUSSION 
Meiosls Studies 
Plant geneticists often need knowledge about timing of 
meiosis in plant species. In corn, pending meiosis is noted 
by the "touch" method, which involves squeezing the upper 
leaf whorl to test its resilience, but actual meiosis stage 
can be determined only by dissecting the tassel or a portion 
of it. An alternative may be to determine meiotic activity 
via its correlation with development of an external plant 
trait. 
According to Hanway (1966), leaf number of the corn plant 
is an index of maturity prior to silking and pollen shedding. 
Internode elongation begins at the six-to-seven leaf stage, 
and Bonnett (1966) stated this signals tassel differentiation, 
including microsporogenesis. Thus, leaf number should be an 
index of meiosis in corn plants. 
Correlations (Table 8) indicated a relationship between 
meiotic activity and days after emergence and leaf number. 
Meiosis progressed with increased leaf number in both the 
growth chamber and the field (Table 7). Certainly, leaf num­
ber was superior to days after emergence as an index of meiosis 
stages. 
The relationships of leaf number and meiosis are illus-
strated in Figure 25. This graph gives a rapid method for 
determining stages of meiosis in specified environments, e.g.. 
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Figure 25, Leaf number-meiosis relationships in growth-cham-
ber (GC) and field (F) environments 
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premeiosls-early zygotene corresponded to seven and one-half 
and eight and one-half leaves for cross #l2 and cross #112» 
respectively, in the field environment. Since there appears 
to be genetic control of the meiosis-leaf number relationship, 
a different graph would be required for each genotype. Sim­
ilarly, leaf number development varied with environments, in­
dicating a different characterization for each environment. 
However, differentials in leaf numbers between crosses re­
mained similar across environments. Ml4 crosses reached 
meiosis two-to-three leaves earlier than Bl4 crosses in each 
environment which suggests a possible common range of leaf 
numbers could characterize meiosis for all genotypes grown 
under specific environmental conditions. 
Variability of meiosis within tassels (Tables 10 and 11) 
requires that determination of the leaf number-meiosis rela­
tionships be based on data from several tassels and several 
tassel regions. No estimate of appropriate number of plants 
to sample was made. 
Once characterized for genotypes and environments, leaf 
number provided a plant-trait index of meiosis stages for 
healthy plants. The method is limited, however, because 
characterization of heterogeneous populations would be diffi­
cult. 
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Actlnomycln D Recombination Studies 
Crossing over is a variable phenomenon (Gowen, 1919 and 
Stadler, 1926), and inherent variability was evident within 
treatments in these studies. However, inconsistencies of 
crossing over responses to actinomycin D treatments (espe­
cially to the 0,01% concentration) were unexpected and per­
plexing. Maize genetic stocks used carried multiply-marked 
chromosomes which were heterochroraatic at the centromere 
region. The Drosophila stocks used by Suzuki (1965a) were 
similar, so the erratic results I obtained should not have 
resulted because of inappropriate genetic materials. Of 
course, differential chromosome quality in these two organ-
Isms is possible, but this does not explain differential 
year effects. 
Decreased total crossing over with 0,01% actinomycin D 
injection in 1967 and increased total crossing over by the 
same concentration in 1968 suggest that environmental con­
ditions (background factors) may have interacted with actin­
omycin D, Temperature is known to modify crossing over 
(Plough, 1917, 192% and Powell and Milan, 1963)> but temper­
ature alone could not satisfactorily explain the reversal I 
found. Since the checks were grown in the same rows as the 
treated plants, temperature differences should have also mod­
ified crossing over in them, but it did not. If, however, 
temperature interacted specifically with actinomycin D (pos­
sibly by degradation) in I967 and not in 1968, the variable 
128 
nature of the chemical could have produced inconsistent re­
sults. Daily temperatures for July, 196? and 1968 (Appendix 
Table 78), showed no appreciable differences in mean maxima 
or minima during the periods of meiosis for the two years. 
Although these were not microclimate temperatures, they show 
no gross temperature differences existed. Neither were max­
imum-minimum interactions significantly different between 
years. Therefore, temperature alone probably produced no 
interacting background effect. Several environmental condi­
tions (temperature, moisture, light intensity, etc.) inter­
acting to upset the internal balance of meiotic cells and 
confound actinomycin D effects, of course, are possibilities. 
This, however, would not explain the significant year x treat­
ment interaction for total crossing over. 
Several techniques used in treating the plants contained 
uncontrollable factors which could have caused differential 
treatment effects among years. For example, dilution of the 
chemical by cell sap and cell contents was not controlled, so 
actual concentrations of actinomycin D in the tissue or at 
the point of crossing over were probably much lower than the 
concentrations originally injected.^ Differential "actual" 
concentrations could have produced variable results. Also, 
differential concentrations could have interacted with back­
ground factors. 
Another variable factor could have been movement of the 
chemical to reproductive tissue. It must be assumed that 
129 
actinomycln D eventually reached the growing point since 
plants treated with high concentrations (0.005% and 0.01%) 
displayed deformed tassels and partial sterility. It is 
conceivable, however, that background factors affected trans­
location (Leopold, 1964) and the chemical did not arrive in 
meiotic cells of all plants in sufficient time to affect 
crossing over. 
At another segment of the study, variable penetrance of 
genes in the two years could have caused differential progeny 
classifications and inconsistent, apparent crossing-over 
responses. This variation could be detected by differential 
inheritance patterns for individual genes in the two years. 
Chi-square tests (Appendix Tables 68-71) indicated inheritance 
patterns for the various genes were similar across years, so 
errors in classification probably contributed little to the 
erratic results. 
Generally, I did not have appropriate data to determine 
what if any of the factors enumerated actually interacted 
with actinomycin Dj therefore, no definite conclusions con­
cerning their effects on crossing over in corn can be made. 
Likewise, no satisfactory explanation can be given for dif­
ferential yearly results. It would be necessary to conduct 
additional specialized experiments to provide conclusive 
explanations, 
Subsequent experimentation on manipulation of crossing 
over should be carried out in a growth chamber to insure a 
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uniform environment. Also, microinjection techniques should 
be used to reduce variable placement of the chemical in the 
meristematic region, and the actinomycin D should be labelled, 
so it could be traced to determine its period of availability 
to meiotic cells. To facilitate progeny classification, 
genetic markers used should be seed and seedling traits only. 
Such traits could be classified in the laboratory and green­
house and would not require an entire growing season. Several 
thousand progeny could be screened within a relatively short 
period of time, and more P^'s could be treated. An experiment 
should use only one progeny type, i.e,, either P2 or testcross. 
Actinomycin D did produce differential proportions of the 
several types of crossovers recovered from the total Ig^-v^ 
segment. Generally, single crossovers were increased and 
double and triple crossovers were decreased by all treatments 
(including alcohol control). Effects of actinomycin D treat­
ments on double crossovers were greater than those of alcohol. 
It appears that modification of crossing over by actinomycin 
D were actually manifestations of increased interference. This 
hypothesis is based on biological responses only, but it is 
supported by identical observations with temperature treatments 
in Drosophila (Graubard, 193^). Several other reports indi­
cate extrinsic and Intrinsic factors affect crossing over by 
modifying interference. White (193^) theorized that in locust, 
elevated temperature enhanced crossing over by reducing inter­
ference, and Lawrence (1961a, 1961b) suggested x-rays caused 
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unbalanced conditions within cells which inhibited interference 
and increased crossing over, Procunier and Suzuki (I967) found 
all compound-X chromosomes in Drosophila increased interference. 
Previous studies of actinomycin D effects on crossing over 
(Suzuki, 1963, 1965a) did not examine interference. 
Effects of actinomycin D on crossing over in male and 
female flowers were quite erratic. Cross #l2 displayed more 
crossing over in male than female flowers for 0.00# and 0.001% 
injections but greater frequency of exchanges in female flowers 
for 0.005%, 0.01%, and checks. Cross //II2 showed more 
crossing over in female than male flowers for all treatments 
except the checks. Within years the only significant devia­
tions from 1:1 male-female crossing over were with 0,00% (al­
cohol control) which produced greater crossing over in male 
than female flowers of cross #12. Checks of cross #12 showed 
greater crossing over in female than male. Across all experi­
ments, only 0,01% actinomycin D caused a significant deviation 
(37.6% crossovers in the male vs. 62,4% crossovers in the fe­
male). This treatment, however, contained data from one year 
only (1967); and since the erratic nature of the other treat­
ments resulted in non-significant combined effects, no defi­
nite conclusions can be drawn about effects of 0.01%. 
Results suggest that actinomycin D modified both male 
and female crossing over unpredictably. Conceivably, this 
could be the consequence of background factors confounding the 
actual effect of actinomycin D. 
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Calcium Recombination Studies 
Data relating to effects of calcium nutrition upon genetic 
recombination were from one experiment only, but certain trends 
were apparent and merit discussion. 
There seemed to be an interaction of crossing over between 
levels and genotypes. The only consistent effect was produced 
by 6.25% calcium (23% and 27% increased crossing over for 
crosses and #IIy, respectively). And 1.56% calcium treat­
ment significantly increased total crossing over in cross #Iy 
but not in cross #117. Conversely, 25% calcium increased total 
crossing over in cross #1X7 but not in cross #17. Zero calcium 
produced no significant effect in either cross, a possible con­
sequence of calcium build-up from early treatment of these 
plants with 100% calcium. Excess treatments also reacted dif­
ferently among crosses. The 400% calcium increased total 
crossing over in cross #17 (+27%) and decreased it in cross 
#117 (-22%). Effects caused by 1600% (decreased crossing over 
in cross #1X7 but no effect in cross #17) are of limited value 
because of inadequate progeny sample size. The 1600% treatment 
was applied to only one plant (I5I Fg progeny) of cross #117. 
Muller (1925) found that variable results of x-ray treatments 
on crossing over in Drosophila were a function of the chromo­
somes or chromosome regions studied, but no reports exist rela­
tive to genotype by cation-imbalance interactions. 
Calcium treatments also displayed differential effects in 
the different regions of chromosome 7. In region 02-V5, 
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crossing over was significantly decreased in both crosses, 
whereas for v^-ra^ and rai-gli regions crossover percentages 
were significantly increased in both crosses (Table 55). 
Browning (19^9) found that deficient calcium enhanced crossing 
over in the centromere region of a Drosophila chromosome. My 
study, however, does not suggest a specific regional effect 
but rather indicates differential effects depending upon the 
region examined. The greatest increase in crossing over 
occurred in the ra^-gli region which is heterochromatic 
(Neuffer, Jones, and Zuber, 1968). Increases observed by 
Browning (19^9) were limited to the heterochromatic centro­
mere region, so perhaps effects of calcium on crossing over 
in Drosophila and corn are similar. Crossing over in the 
euchromatic regions of the maize chromosome was decreased by 
my calcium treatments, but this may have been masked by an 
effect of the centromere (Thompson, 1964a) in the v^-rai re­
gion, Browning (1949) found no change in crossing over in 
euchromatin of the Drosophila chromosome he studied. It will 
take additional experimentation with several genotypes and 
chromosome regions before differential effects of calcium 
nutrition on crossing over in maize can be verified. 
Calcium treatments modified all types of crossovers, 
e.g,, decreased crossing over produced by 1600% in cross #11? 
was reflected in both reduced single and double exchanges and 
the increased crossing over caused by 1,56% in cross #Iy re­
sulted in both increased singles and doubles. Apparently the 
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total process of crossing over was affected by manipulation 
of calcium nutrition. 
Browning (1949) hypothesized that deficient calcium in­
creased recombination in chromosome regions with low proba­
bilities of exchange by altering viscosity of the nucleoplasm. 
My results from deficiency treatments agreed with those of 
Browning and, therefore, may support his hypothesis. Since 
excess calcium tended to decrease crossing over, perhaps 
additional calcium altered nucleoplasm viscosity in the oppo­
site direction to that caused by a deficiency, I could not, 
however, prove such an hypothesis with the data at hand. 
Use of Actinomycin D and Calcium in Plant Breeding 
Plant breeders generally agree that linkage hinders pro­
gress in crop improvement. Elliott (1958) points out "...suc­
cess in backcrossing is often critically related to the ease 
and freedom with which recombination takes place." Allard 
(i960) states "...close linkage between desirable and undesir­
able genes can drastically delay the progress of breeding pro­
grams...," Pelsenstein (1965) has shown mathematically that 
linkage greatly reduces selection advance because of negative 
linkage disequilibrium, Burnham (I966) felt that maximum ad­
vance in a breeding program is usually not achieved because 
multiple exchanges rarely occur and suggested taking advantage 
of temporary enhancement of crossing over to give greater fre­
quencies of recombinant types upon which selection could be 
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practiced. Powell and Nilan (I963) state "...in a crop im­
provement program genetic recombination may be facilitated by 
adjusting the growing temperatures of Pj plants. This in turn 
would furnish the breeder a wider choice of genotypes from 
which to select." 
To be expeditious, auxiliary techniques for manipulating 
crossing over must satisfy four criteria: 1.) they must be 
relatively non-phytotoxic, 2.) they must be non-mutagenic, 
3.) they must significantly Increase recombination, 4.) they 
must be relatively easy to use. I will discuss actinomycin D 
and differential calcium levels as used in my studies relative 
to each of the four requirements. 
Concentrations of actinomycin D greater than 0.005% were 
phytotoxic both physically (tissue death and disintegration) 
and physiologically (stunted growth and partial sterility), 
so high concentrations of the chemical could not be used by 
plant breeders. Lower concentrations (e.g., 0.001%) caused 
no harmful effects. Differential calcium levels caused bio­
logical effects (fewer tillers and shorter plants with cal­
cium deficiencies), but plants were not physically damaged, 
and no noticeable sterility occurred, so my calcium levels 
could be used for enhancement of recombination without appre­
ciable plant damage. 
Mutations are generally deleterious to crop improvement, 
so to be of value, increased recombination must occur without 
increased mutation rates. No noticeable mutations were caused 
136 
by either actinomycin D injection or calcium imbalance. No 
report of mutagenesis by abnormal calcium was found in the 
literature. Actinomycin D, on the other hand, binds to het-
erochromatin and, therefore, would be more closely associated 
with processes that cause mutation, Jain and Singh (1967) 
observed chromosome breakage and suppression of meiosis with 
actinomycin D treatment, phenomena that could cause gross 
rearrangements and alterations of genetic materials which, in 
turn, could cause mutations. Therefore, actinomycin D conceiv­
ably could be mutagenic as well as recombinogenic. 
The plant breeder must be confident that an auxiliary 
technique will significantly enhance recombination. If de­
pressed recombination should occur, regression rather than 
progression of a breeding program could result because recovery 
of recombinant types is of prime Interest. Crossover percent­
ages serve as indices of linkage intensities and indicate the 
probabilities of recovering recombinant types, so I will dis­
cuss effects of actinomycin D and calcium levels on each. 
Generally, total crossover percentages (Table 26) and re­
covered recombinant phenotypes (Figure 17) were decreased with 
Increasing actinomycin D concentrations. Consistent increases 
in recombinant phenotypes were caused by the alcohol control 
(Figure l6), (No satisfactory explanation of this alcohol 
effect can be given.) Probably, actinomycin D (with the pos­
sible exception of 0.001%) could not confidently be used for 
crossover enhancement in a practical breeding program, Alco-
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hoi was a more predictable extrinsic factor. 
Crossover percentages were Increased by all calcium de­
ficiencies (except 0.00%), but different levels interacted with 
crosses. Crossing over was significantly increased by the 
6.25% calcium treatment (+9.5%). Percent recombinants recov­
ered were not affected consistently by any calcium concentra­
tion (Figure 24). The 1.56% treatment increased recombinants 
in cross #1^, and in cross #11^ an increase was caused by 6.25% 
calcium. Averaged over crosses, recovered recombinants were 
increased by 6.25% calcium only. Therefore, 6.25% of normal 
calcium in the medium could be used to enhance crossing over 
and genetic recombination. 
Any technique which enhances recombination would be of 
value only if it could be applied to a breeding population 
with relative ease. The method of application would be de­
pendent upon intended use of the technique, i.e., to break 
undesirable linkages would require treatment of individual 
plants, but in a recurrent selection program blanket treat­
ments would be necessary. 
Actinomycin D is phytotoxic to crop plants at high con­
centrations, Low concentrations are not deleterious if ap­
plied for short periods, but effects of prolonged applications 
of low concentrations are not known. The chemical must be 
applied premeiotically by injection of Individual plants, and 
blanket application would require basic knowledge of movement 
of the chemical in the plant, its period of availability to 
138 
meiotlc cells, and effects caused by prolonged exposures, none 
of which is known. The greatest limitation to using actino-
mycin D on a population basis would be the cost ($10/mg). 
Small quantities (;ag) are used for treating individual plants, 
but applications to field plots would make the cost prohibi­
tive. 
Results indicate that prolonged exposure to abnormal cal­
cium concentrations does not produce abnormal corn plants. 
Calcium is a natural plant nutrient, and, therefore, appli­
cations on a population basis should be relatively easy and 
inexpensive, A possible technique would Involve soil treat­
ments to alter the calcium availability. Field plots with 
modified calcium would be planted with desired populations 
(Pj or heterogeneous), and after meiosis, normal calcium could 
be applied to assure normal pollination and seed set. Before 
this technique could be used in a breeding program, however, 
research on the feasibility of soil treatment methods would 
be needed. Calcium could be applied easily to single plants 
by growing them In hydroponics cultures containing abnormal 
calcium levels» 
Analysis of all criteria shows differential calcium 
would be a more practical recombinogenic factor than would 
actinomycin D, Calcium is less harmful to plants, it gives 
more predictable results, it is less expensive, and it is 
easier to apply. 
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SUMMARY AND CONCLUSIONS 
In this study, I examined the influence of actinomycin D 
and differential calcium levels on genetic recombination in 
corn, P-j. plants, heterozygous for several "marker" genes on 
chromosome 2, were injected premeiotically with four concen­
trations of actinomycin D, 0.00% (H^O + ETOK), 0.001%, 0.005%, 
and 0.01%. Also, seven levels of calcium (0.00%, 1.56%, 
6.25%, 25%, 100%, 400%, and l600% of normal) were applied 
hydroponically to F]_'s heterozygous for "marker" genes on 
chromosome 7« P2 testcross progeny were classified for 
gene recombination in the actinomycin D experiments, whereas 
P2 progeny were evaluated in the calcium studies, P2 and test-
cross progeny from untreated check plants were also classified. 
Crossover percentages were calculated by Fisher's product 
method (Immer, 1930) and from three-point linkages. Compar­
isons of treated and check values were made and evaluated by 
analysis of variance and Pt/Po values (Suzuki, 1962). Effects 
of each extrinsic factor on types of crossovers and recombinant 
phenotypes recovered were also analyzed. Actinomycin D data 
were examined for effects on crossing over in male and female 
flowers. 
Although results were somewhat Inconsistent and variable 
they suggested the following general results and conclusions: 
1.) Total recombination was decreased as actinomycin D 
concentration was increased, 
2.) Largest significant effects, measured by p^/po 
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values, were caused by 0.001% and 0.01% actinomycin 
D (+12% and -4%, respectively). 
3.) Chromosome regions were affected differently by 
actinomycin D injections with the centromere region 
generally reduced and other regions generally in­
creased, 
4.) Actinomycin D injections modified interference. 
5.) Crossing over was decreased in male flowers and 
concomitantly increased in female flowers with 
0,01% actinomycin D, 
6.) Actinomycin D would be of limited value as a recom-
binogenic factor in a practical breeding program. 
7.) Excess calcium decreased recombination and deficient 
calcium increased it, 
8.) The only significant effect on crossing over (+25%) 
was produced by 6.25% normal calcium. 
9.) Generally, the heterochromatic chromosome region 
showed increased crossing over with calcium treat­
ments, but the euchromatic region, not under the 
influence of the centromere, was decreased. The 
centromere region was increased, 
10.) Different calcium levels produced significant changes 
in crossover percentages in each cross, indicating a 
possible genotype effect. 
11.) Differential calcium levels appeared to affect the 
overall mechanism of crossing over. 
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12.) Deficient calcium levels could be used as recombin-
ogenic factors in a practical breeding program. 
These results and conclusions are based on data of a pre­
liminary nature; therefore, further experimentation is necess­
ary before they can be definitely supported. 
142 
LITERATURE CITED 
Allard, R. W. I96O. Principles of plant breeding» New York, 
New York; John Wiley and Sons, Inc. 
Bateson, W. and Punnett, R. C, 1911. On gametic series in­
volving reduplication of certain terms. Journal of Ge­
netics 1: 293-302. 
Bateson, W., Saunders, E, R., and Punnett, R. C, 1905. Exper­
imental studies in the physiology of heredity. Reports to 
Evolutionary Committee of Royal Society of London 2: 1-
131, Original not available; cited in Sturtevant, A. H, 
1965. A history of genetics. P. 40. New York, New York, 
Harper and Row, Publishers. 
Belling, J. 1933. Crossing over and gene rearrangements in 
flowering plants. Genetics 18: 388-413. 
Blockhinger, A. 1961. The action of carcinogenic and estro­
genic substances on plants. Protoplasma 54: 35-100. 
Bonner, J. and Galston, A, W. 1952. Principles of plant phys­
iology, San Francisco, California, W. H, Freeman and 
Company. 
Bonnett, 0. T. I966. Inflorescences of maize, wheat, rye, 
barley, and oats: their initiation and development. 
University of Illinois College of Agriculture Experiment 
Station Bulletin 721. 
Briggs, R. W. and Smith, H. H, I965. Effects of x-radiation 
on intracistron recombination at the waxy locus in maize. 
Journal of Heredity 56: 157-162, 
Brown, S, W, I966, Heterochromatin, Science 151: 417-425. 
Brown, S, W, and Zohary, D, 1955. The relationship of chias-
mata and crossing over in Lilium formosanum. Genetics 
40: 850-873. 
Browning, I. 1949. The relation between potassium oxalate 
concentration and crossing over. University of Texas 
Publication 4920: 57-61. 
Burnham, C, R. 1962. Discussions in cytogenetics. Minneap­
olis, Minnesota, Burgess Publishing Company. 
143 
Burnham, C. R. 1966. Cytogenetics. In Prey, K. J., ed. 
Plant breeding. A symposium held at Iowa State Univer­
sity. Pp. 139-187. Ames, Iowa, Iowa State University 
Press. 
Cameron, R. H., Hsu, K. S., and Perkins, D. D. 1967. Crossing 
over following inbreeding in Neurospora. Genetica 37 : 
1—6. 
Chase, S. S. and Nanda, D. K. 1967. Number of leaves and ma­
turity classification in Zea mays L. Crop Science 7 : 
431-432. 
Creighton, H. B. and McClintock, B. 1931. A correlation of 
cytological and genetical crossing-over in Zea mays. 
National Academy of Sciences Proceedings 17: 485-497. 
Darlington, C. D. 1935. The internal mechanics of the chrom­
osomes. III. Relational coiling and crossing over in 
Fritillaria. Royal Society of London Proceedings, Series 
B, lia; fîr-96. 
Darlington, C. D. 1937. Recent advances in cytology. 2nd 
ed. Philadelphia, Pennsylvania, Blakiston. 
Elliott, C. G. 1955. The effect of temperature on chiasma 
frequency. Heredity 9: 385-398. 
Elliott, P. C. 1958. Plant breeding and cytogenetics. New 
York, New York, McGraw-Hill Book Company, Inc. 
Emerson, R. A. and Hutchison, C. B. 1921. The relative fre­
quency of crossing over in microspore and megaspore de­
velopment in maize. Genetics 6; 417-432. 
Esposito, R. E. and Halliday, R. 1964. The effect of 5-
fluorodeoxyuridine on genetic replication and mitotic 
crossing over in synchronized cultures of Ustilago may-
dis. Genetics 50: 1009-1017. 
Pelsenstein, J, 1965. The effect of linkage on directional 
selection. Genetics 52: 349-363. 
Goldberg, I. H., Rabinowitz, M., and Reich, E. 1962. Basis 
of actinomycin action. I, DNA binding and inhibition of 
RNA-polymerase synthetic reactions by actinomycin. Na­
tional Academy of Sciences Proceedings 48; 2094-2101, 
144 
Gowen, J. W, 1919. A blometrical study of crossing over. On 
the mechanism of crossing over in the third chromosome of 
Drosophila melanogaster. Genetics 4; 205-250. 
Graubard, M. A. 1934. Temperature effect on interference and 
crossing over. Genetics 19; 83-94. 
Grell, Rhoda P. and Chandley, Ann C. 1965. Evidence bearing 
on the coincidence of exchange and DNA replication in the 
oocyte of Drosophila melanogaster. National Academy of 
Sciences Proceedings 53: 1340-1346. 
Hanway, John J. 1966. How a corn plant develops. Iowa State 
University Cooperative Extension Service Special Report 
48. 
Hinton, C. W. 1967. Genie modifiers of recombination in 
Drosophila melanogaster. Canadian Journal of Genetics 
and Cytology 9 : 711-716. 
Hotta, Y., Ito, M., and Stern, H. I966. Synthesis of DNA 
during meiosis. National Academy of Sciences Proceedings 
56: 1184. 
Immer, F. R. 1930. Formulae and tables for calculating link­
age intensities. Genetics 15: 8I-89. 
Izawa, M., Allfrey, V. G., and Mirsky, A. E. 1963. The rela­
tionship between RNA synthesis and loop structure in 
lampbrush chromosomes. National Academy of Sciences Pro­
ceedings 49: 544-551. 
Jain, H. K. and Singh, U, 1967. Actinomycin D induced chrom­
osome breakage and suppression of meiosis in the locust 
Schistocerca gregarla. Chromosoma 21: 463-471. 
Janssens, F. A. 1909. Spermalogénèse dans les Batraciens. V. 
La Theorie de la Chiasmatypie, nouvelle interpretation 
des cineses de maturation. La Cellule 25: 387-411. 
Janssens, F, A. 1924. La chiasmatypie dans les Insectes. La 
Cellule 34: 135-139. 
Jensen, W. A. 1962. Botanical histochemistry. Principles 
and practice. San Francisco, California, W. H. Freeman 
and Company. 
Kaufmann, B. P., Gay, H., and McElderry, M. J. 1957. Effect 
of ribonuclease on crossing over in Drosophila. National 
Academy of Sciences Proceedings 43: 255-261. 
145 
Kiesselbach, T. A, 1949. The structure and reproduction of 
corn. University of Nebraska College of Agriculture Ex­
periment Station Bulletin l6l, 
Kikudome G, Y, 1959. Studies on the phenomenon of prefer­
ential segregation in maize. Genetics 44; 815-831. 
Law, C. N. 1963. An effect of potassium on chiasma frequency 
and recombination, Genetica 33: 313-329. 
Lawrence, C. W. 1961a. The effect of radiation on chiasma 
formation in Tradescantia, Radiation Botany 1: 92-96, 
Lawrence, C, W. 1961b, The effects of the irradiation of dif­
ferent stages in microsporogenesis on chiasma frequency. 
Heredity I6; 83-89. 
Lawrence, C. W, 1965. Influence of non-lethal doses of radi­
ation on recombination in Chlamydomonas reinhardi, Na­
ture (London) 206: 789-791, 
Leopold, A, Carl. 1964. Plant growth and development. New 
York, New York, McGraw-Hill Book Company, 
Lucken, Karl. 1964, Physiologic and genetic comparisons of 
lysine and leucine distribution in high and low protein 
corn. Unpublished Ph,D, thesis, Ames, Iowa, Library, 
Iowa State University of Science and Technology, 
Maguire, Marjorie P, 1968, Evidence on the stage of heat in­
duced crossover effect in maize. Genetics 6O; 353-362, 
Mather, K, 1934. The behaviour of meiotic chromosomes after 
x-irradiation. Hereditas 19: 303-322. 
Mather, K, 1939.. Crossing over and heterochromatin in the X 
chromosome of Drosophila melanogaster, Genetics 24: 
413-435. 
Mavor, J, W, and Svenson, J. K, 1924a, A comparison of the 
effects of x-rays and temperature on linkage and fertil­
ity in Drosophila. Genetics 9: 588-608, 
Mavor, J, W, and Svenson, J, K, 1924b, An effect of x-rays 
on the linkage of Mendelian characters in the second 
chromosome of Drosophila melanogaster. Genetics 9: 70-
McNelly, C, A, and Frost, L, C, "I963. The effect of temper­
ature on the frequency of crossing over in Neurospora 
erassa (abstract). Genetics 48: 900, 
146 
Meyer, B. S., Anderson, D, B,, and Bohnlng, R. H. i960. In­
troduction to plant physiology, Princeton, New Jersey, 
D, Van Nostrand Company, Inc, 
Mitra, Sandhya. 1958, Effects of x-rays on chromosomes of 
Lilium longiflorum during meiosis. Genetics 43: 771-
7891 
Moens, P, B. 1964, A new interpretation of meiotic prophase 
in Lycopersicon esculentum (tomato). Chromosoma ' : 
231-242, 
Morgan, T, H. 1910, The method of inheritance of two sex-
limited characters in the same animal. Society for Ex­
perimental Biology and Medicine Proceedings 8: 17-19. 
Muller, H, J, 1925. The regionally differential effect of x-
rays on crossing over in autosomes of Drosophlla, Ge­
netics 10; 470-507. 
Neuffer, M, G,, Jones, Loring, and Zuber, Marcus S, 1968. 
The mutants of maize, Madison, Wisconsin, Crop Science 
Society of America, 
Palival, R, L, and Hyde, B, B, 1957. The effect of calcium 
and magnesium on chiasma frequency in Plantago ovata (ab­
stract), Genetics 42; 387. 
Patterson, J. S, and Suche, H, S, 1934, Crossing over in­
duced by x-rays in Drosophlla males. Genetics 19: 223-
236, 
Plough, H, H, 1917. The effect of temperature on crossing 
over in Drosophlla, Journal of Experimental Zoology 24; 
147-209. 
Plough, H, H, 1921. Further studies on the effect of temper­
ature on crossing over. Journal of Experimental Zoology 
32: 187-202, 
Plough, H, H, 1924. Radium radiation and crossing over, 
American Naturalist 58; 85-87, 
Powell, J, B. and Milan, R, A. 1963. Influence of tempera­
ture on crossing over in an inversion heterozygote in 
barley. Crop Science 3: 11-12, 
147 
Procunier, D. and Suzuki, D. T. 196?, Interchromosomal ef­
fects on crossing over in Drosophila melanogaster. IV, 
All compound X chromosomes. Canadian Journal of Genetics 
and Cytology 9: 874-879. 
Rees, H, 1955. Genotypic control of chromosome behaviour in 
rye. I. Inbred lines. Heredity 9: 93-116. 
Reich, E, 1964, Actinomycin; correlation of structure and 
function of its complexes with purines and DNA. Science 
143: 684-689. 
Reich, E,, Franklin, R, M., Shatkin, A. J., and Tatum, E. L. 
1961. Effect of actinomycin D on cellular nucleic acid 
synthesis and virus production. Science 134; 556-557. 
Rhoades, M. M. 1941, Different rates of crossing over in 
male and female gametes of maize. Journal of the Ameri­
can Society of Agronomy 33: 603-615. 
Rhoades, M, M, 1950. Meiosis in maize. Journal of Heredity 
41: 59-67. 
Rifaat, 0. M, 1959. Effect of temperature on crossing-over 
in Neurospora crassa. Genetica 30: 312-323. 
Sax, K, 1932, The cytological mechanism of crossing over. 
Journal of the Arnold Arboretum 13: 180-212, 
Schwartz, Drew, 1954, Studies on the mechanism of crossing 
over. Genetics 39: 692-700. 
Simard, R. 1967, The binding of actinomycin D-3H to hetero-
chromatin as studied by quantitative high resolution 
radioautography, Journal of Cell Biology 35: 716-722. 
Stadler, D. R. and Towe, Agnes M. 1962. Genetic factors in­
fluencing crossing-over frequency in Neurospora, Ge­
netics 47: 839-846, 
Stadler, L, J, 1926, The variability of crossing over in 
maize. Genetics 11: 1-37. 
Stadler, L, J, 1928, Genetic effects of x-rays in maize. 
National Academy of Sciences Proceedings 14; 69-75. 
Steffensen, Dale, Anderson, Lulu P., and Kase, Stuart. 1956. 
Crossing over studies with Drosophila and maize (ab­
stract). Genetics 41; 663. 
148 
Stern, C, 1926. An effect of temperature and age on crossing-
over in the first chromosome of Drosophila melanogaster. 
National Academy of Sciences Proceedings 12: b30-532. 
Stern, C. 1931. Zytologisch-genetîsche Untersuchungen al 
Bewelse fur die Morgansche Theorie des Faktorenaustauschs. 
Biologisches Zentralblatt 51: 547-587. 
Sturtevant, A, H. I9G5. A history of genetics. New York, 
New York, Harper and Row, Publishers. 
Suzuki, D, Ï. 1962. Interchromosomal effects on crossing-
over in Drosophila melanogaster. I. Effects of compound 
and ring X chromosomes on the third chromosome. Genetics 
47: 305-319. 
Suzuki, D. T. 1963. Studies on the chemical nature of crossing 
over in Drosophila melanogaster. I. Preliminary results 
on the effects of actinomycin D, Canadian Journal of Ge­
netics and Cytology 5 ; 482-489. 
Suzuki, D. T. 1965a. The effects of actinomycin D on cross­
ing over in Drosophila melanogaster. Genetics 5I: 11-21. 
Suzuki, D. T. 1965b. Effects of mitomycin C on crossing over 
in Drosophila melanogaster. Genetics 51: 635-640. 
Swanson, C. P. 1957. Cytology and cytogenetics. Englewood 
Cliffs, New Jersey, Prentice-Hall, Inc. 
Taylor, J. H. 1957. The time and mode of duplication of 
chromosomes, American Naturalist 91: 209-221. 
Thompson, P. E. 1964a. Evidence on the basis of the centro­
mere effect in the large autosomes of Drosophila melano­
gaster. Genetics 49; 76I-769. 
Thompson, P. E. 1964b. The independence on centromere and 
temperature effects on crossing over in Drosophila (ab­
stract). Genetics 50: 290-291. 
Towe, Agnes M. and Stadler, D. R. 1964. Effects of tempera­
ture on crossing over in Neurospora. Genetics 49: 577-
583. 
Underbrink, A. G., Ting, Y. C., and Sparrow, A. K. 1967. 
Note on the occurrence of a synaptinemal complex at mei-
otic prophase in Zea mays L. Canadian Journal of Genetics 
and Cytology 9 : 606-609. 
149 
Westerman, M. 1967. The effect of x-irradiation on male mei-
osis in Schistocerca gregarla (Porskiil). I. Chiasma fre­
quency response. Chromosoma 22: 401-4l6. 
White, M. J. D. 1934, The influence of temperature on chlasma 
frequency. Journal of Genetics 29: 203-215. 
150 
ACKNOWLEDGMENTS 
I wish to express my appreciation to Dr. K, J, Prey for 
his initiation and continued guidance of this study and for his 
constructive criticism of the manuscript. I want to thank Dr. 
W, A, Russell, who supplied me with field space and corn seed, 
and Dr. K. Sadanaga, who allowed me use of his laboratory and 
microscope equipment during the melosls studies. I also appre­
ciate the guidance which Drs. I. C. Anderson and J. A. Browning 
extended me throughout my graduate program of study. 
A special note of thanks goes to my wife, Sharon, whose 
faithful encouragement and generous giving of her time at the 
typewriter made this dissertation a reality. 
151 
APPENDIX 
Table 62. Percent P2 progeny plants of cross #1.2 in each geno-
typic class in the I967 actinomycin D recombination 
experiment 
Genotypic 0.00% (H2O + ETOH) 0.001% 
classes 1 2 3 1 2 3 
LgxGl2SkPliV4 30 .79 30 .64 38 .21 33 .62 32 .79 36 .55 
Iglgl2skfliv4 3 .82 6 .65 3 .66 3 .80 3 .25 4 .82 
Igl 3 .82 4 .05 5 .28 3 .80 4 .22 5 .62 
gl2 0 .76 1 .16 3 .25 4 .10 2 .27 3 .61 
sk 1 .02 0 .87 0 .41 0 .58 0 .97 0 .80 
fil 9 . 16 10 .69 4 .07 10 .23 11 .04 10 .44 
v4 2 .54 2 .02 0 .81 1 .46 G .97 2 .81 
lglgl2 3 .82 4 .62 3 .66 3 .51 8 .77 4 .42 
Igisk 0 .00 0 .00 0 .00 0 .58 G .32 G .40 
Iglfll 1 .78 0 .87 0 .81 0 .29 0 .97 G .00 
Igivii 0 .51 0 .58 0 .41 0 .29 G .32 G .00 
lglgl2sk 1 .27 1 .73 1 .63 1 .17 G .32 0 .00 
lglgl2fll 1 .02 0 .87 0 .00 0 .29 0 .97 1 .61 
Iglgl2v4 1 .27 0 .87 0 .81 0 .29 G .65 1 .61 
Igiskfli 0 .76 0 .58 0 .41 0 .29 G .65 G .80 
Igxskvl} 0 .00 0 .58 0 .41 0 .29 0 .00 G .00 
Iglflivii 0 .25 0 .00 G .00 0 .00 G .32 0 .40 
gl2sk 1 .27 1 .16 1 .22 0 .88 0 .65 G .80 
gl2fll 1 .02 1 .73 0 .41 1 .17 G .65 1 .20 
gl2V4 2 .29 0 .29 1 .63 1 .75 2 .27 0 .80 
gl2skfli 3 ,82 4 .62 4 .G7 6 .14 3 .25 2 .41 
gl2skv4 0 .76 0 .87 G .00 0 .88 0 .00 0 .40 
gl2fliv4 0 .00 0 .00 G .41 0 .88 0 .97 G .00 
skfl]_ 5 .60 8 .38 5 .69 7 .02 6 .82 5 .22 
skvi4 G .51 0 .00 0 .00 0 .58 0 .00 G .40 
skfliv4 4 .83 5 .78 9 .35 6 .43 5 .84 4 .02 
fliv4 5 .60 2 .31 4 .47 2 .05 1 .95 3 .21 
Iglglgskfli 6 .11 3 .47 2 .44 . 5 .26 4 .55 3 .61 
lglgl2Skvi} 0 .76 1 .44 0 .00 0 .29 0 .32 0 .00 
Iglgl2fliv4 G .00 0 .00 0 .00 Û .00 0 .32 0 .80 
lgxskfliv4 0 .51 0 .29 0 .41 0 .00 0 .65 0 .80 
gl2skflivli 4 .32 2 .89 6 .10 2 .05 2 .92 2 .41 
Total progeny 393 346 246 342 308 249 
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0.005% 0.01% Checks 
1 2  3  1 1 2  3  
36 .58  
2.88 
2.88 
2 .88  
0 . 0 0  
14.42 
1.92 
4.33 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.48 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.48 
1.92 
3.85 
0.00 
0.48 
10.10 
0.00 
5.77 
1.44 
7.21 
0 . 0 0  
0.00 
0.00 
2.88 
208 
3 4 . 4 5  
0 . 8 4  
5.88  
2 . 5 2  
0 . 8 4  
1 4 . 2 9  
0 . 8 4  
2 . 5 2  
0 . 0 0  
4 . 2 0  
0 . 0 0  
0 . 8 4  
0 . 8 4  
0 . 8 4  
0 . 8 4  
0 . 0 0  
0 . 8 4  
0 . 0 0  
0 . 0 0  
2 . 5 2  
4 . 2 0  
0 . 0 0  
0 . 8 4  
5 . 0 4  
0 . 0 0  
6 . 7 2  
4 . 2 0  
5 . 8 8  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
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36.27 
2.94 
3.27 
3.27 
0 . 9 8  
12.42 
0.65 
4.25 
0 . 0 0  
1.63 
0 . 0 0  
1.96 
1.63 
0.65 
3.27 
0 . 0 0  
0.65 
0.32 
0 . 9 8  
2.94 
2.61 
0.32 
1.31 
4.58 
0 . 0 0  
3.27 
2.29 
2.61 
0.00 
0.32 
0.65 
3.92 
306 
34.08 
6.37 
1.87 
1.87 
0.37 
9.36 
1.12 
8.24 
0 . 0 0  
1.12 
0 . 0 0  
0.75 
1.87 
1.12 
0 . 0 0  
0 . 0 0  
0.75 
0 . 0 0  
0.75 
2.25 
2.25 
0.37 
0.75 
4.87 
0.00 
6.37 
3.37 
4.87 
0.75 
0.37 
0.75 
3.37 
267 
37.20 
5.64 
6.31 
2.65 
0.33 
10.63 
0.99 
3.65 
0.33 
0.99 
0.33 
0.99 
0.33 
0.66 
0.99 
0.33 
0 . 6 6  
0.66 
0.99 
0 . 6 6  
2.65 
0.33 
0.33 
5.64 
0.33 
4.98 
1.32 
3.98 
0.33 
0.66 
0.99 
2.99 
301 
43.84 
3.94 
4.92 
1.47 
0.00 
5.91 
4.43 
5.41 
0.49 
0.49 
0 . 0 0  
0.49 
0.00 
0.49 
0.00 
0 . 0 0  
0 . 0 0  
0.49 
0.98 
1.97 
3.94 
0.49 
0.49 
6.89 
0.00 
1.97 
3.94 
1.97 
0.49 
0.98 
0.00 
3.44 
203 
37.17 
2 . 8 8  
2 .59  
0 .57  
0 .57  
6.34 
2.01 
3 .74  
0 . 0 0  
0 . 2 8  
0 . 0 0  
0 .57  
0 . 2 8  
1 .44  
2.59  
0 . 0 0  
0 . 0 0  
0.28 
0 . 2 8  
1.72 
3 .74  
1.15 
1.72 
8 .06  
0 .57  
6.34 
3 .74  
2.01 
0 .28  
0 .57  
1.15 
4 .32  
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Table 63. Percent P2 progeny plants of cross in each gen-
otypic class in the 1967 actinomycln D recombination 
experiment 
Genotypic 0.00% (H2O + ETOH) 0.001% 0.005% 
classes 12 3 12 3 1 
LgiGl2SkFliV4 35 .36 30 .94 34 .22 37 .77 34 .48 37 .50 35 .13 
Iglgl2sk;flivi4 2 .76 3 .02 3 .99 4 .44 3 .44 6 .01 4 .05 
Igl 4 .97 6 .79 4 .98 3 .11 5 .17 3 .24 5 .85 
gl2 2 .21 1 .13 2 .66 1 .77 0 .43 0 .46 1 .80 
sk 0 .00 1 .51 0 .33 0 .44 0 .86 0 .00 0 .90 
fil 14 .36 12 .45 10 .96 15 .11 14 .22 13 .88 9 .00 
v4 1 .66 1 .89 2 .66 0 .00 0 .43 0 .92 0 .90 
lglgl2 1 .66 3 .40 4 .65 2 .66 3 .44 4 .16 3 .15 
Igisk 1 .10 0 .00 0 .33 0 .00 0 .00 0 .00 0 .00 
isifii 0 .55 1 .51 1 .00 4 .44 1 .72 1 .85 2 .25 
lglV2} 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
lglSl2sk 1 .66 0 .75 1 .33 1 .77 2 .15 0 .92 1 .80 
lglgl2fli 0 .55 3 .02 2 . 66 2 .66 0 .86 2 .31 2 .25 
Iglgl2vi4 0 .00 0 .75 0 .66 0 .44 0 .00 0 .46 0 .90 
Igiskfli 1 .66 1 .51 0 . 66 0 .88 0 .43 1 .85 0 .45 
Igiskvi} 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 
Iglflivn G .00 1 .89 0 .66 0 .88 0 .43 0 .92 0 .00 
gl2sk 0 .00 0 .00 0 .00 0 .00 0 .43 0 .00 0 .00 
gl2fll 0 .55 1 .13 1 .00 0 .44 0 .86 2 .77 1 .35 
1 .66 3 .02 1 .00 1 .33 1 .29 0 .92 0 .45 
glgSkfli 4 .42 1 .51 1 .00 0 .88 1 .72 1 .38 3 .60 
gl2Skv4 0 .00 0 .75 1 .33 0 .44 0 .86 0 .00 0 .00 
gl2flivi} 0 .55 0 .00 0 .66 0 .44 0 .43 1 .85 0 .45 
skfli 8 .29 6 .79 4 .98 5 .33 6 .03 3 .24 4 .05 
skvit 0 .00 0 .00 0 .00 0 .00 0 .43 0 .00 0 .00 
skfliV4 6 .63 3 .40 5 .32 3 .11 6 .46 1 .85 5 .40 
flivii 1 .10 3 .77 4 .65 5 .77 3 .87 4 .62 6 .75 
lSlSl2Skfli 3 .87 4 .90 5 .32 4 .00 3 .01 3 .24 4 .05 
Iglgl2skv4 0 .00 0 .00 0 .00 0 .00 0 .00 0 .46 0 .00 
Iglgl2fliv4 0 .00 0 .38 0 .33 0 .00 1 .72 1 .38 1 .35 
Igjskflivij 1 . 66 0 .00 1 .00 0 .44 0 .43 1 .38 0 .90 
gl2Skflivii 2 .76 3 .77 1 . 66 1 .33 4 .31 2 .31 1 .80 
Total progeny 181 265 301 225 232 216 222 
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Table 64. Percent Fg and testcross progeny plants o.f cross 
in each genotypic class in the 1968 actinomycin D 
recombination experiment 
Genotypic 0.00% (H2O + ETOH) 0.001% 0.005% 
classes 1 2 3®- 2 1& 
Lg3_Gl2SkFliV4 36 .68 28 .20 22 .51 33 .84 27 .52 
lglgl2Skflivi{ 5 .52 8 .54 27 .22 3 .07 23 .82 
Igl 3 .51 3 .41 6 .28 4 .53 4 .36 
gl2 2 .01 5 .12 1 .04 1 .53 0 .67 
sk 0 .50 0 .00 0 .52 0 .76 0 .34 
fil 6 .53 3 .41 0 .52 5 .38 0 .34 
V4 5 .52 6 .83 5 .23 4 .61 3 .69 
lglSl2 2 .01 It .27 5 .75 6 .15 6 .71 
Igisk 0 .00 G .00 1 .04 0 .00 0 .00 
Iglfll 0 .00 0 .85 0 .00 1 .53 0 .34 
IglVij 1 .00 G .85 1 .04 0 .76 1 .34 
lSlSl2Sk 0 .00 G .85 4 .71 1 .53 2 .35 
Iglglgfli 0 .00 1 .70 0 .00 0 .76 0 .00 
lglgl2V4 0 .50 0 .00 1 .04 1 .53 0 .34 
Igxskfl-L 0 .00 0 .00 0 .00 0 .00 0 .00 
Igiskvij 0 .00 0 .00 0 .00 0 .00 0 .00 
IglfllVit 0 .00 1 .70 0 .00 0 .76 0 .34 
gl2Sk 1 .00 0 .85 0 .00 0 .76 0 .67 
gl2fll 0 .50 0 .00 0 .00 0 .76 0 .00 
gl2V4 0 .50 0 .00 0 .00 0 .76 0 .00 
gl2Skfli 3 .01 3 .41 1 .04 2 .30 1 .68 
gl2skv4 0 .00 0 .00 0 .00 0 .00 0 .00 
gl2flivl| 0 .00 1 .70 0 .00 0 .00 0 .00 
skfli 5 .52 4 .27 2 .09 3 .84 1 .68 
skv4 0 .00 0 .00 0 .00 0 .76 0 .34 
skfliV4 9 .04 11 .11 6 .60 8 .46 8 .05 
flivij 3 .51 0 .85 2 .09 7 .69 3 .02 
lglgl2Skfli 6 .03 3 .41 3 . 66 4 .61 4 .70 
lglgl2Skvlj 0 .00 0 .00 1 .04 0 .76 1 .01 
Iglgl2fliv4 0 .00 0 .85 0 .52 0 .00 0 .34 
Igiskflivij 0 .00 0 .00 0 .00 0 .76 0 .00 
gl2Skfliv4 7 .03 7 .69 5 .75 4 .61 6 .38 
Total progeny 199 117 191 130 298 
^Testcross progeny 
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9.21 
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2.43 
1.21 
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2.43 
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3.65 
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3.65 
164 
27.58 
22.75 
2.75 
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0 . 0 0  
3.79 
6.55 
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0 . 0 0  
1.72 
3.10 
0.00 
1.03 
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0.34 
0.34 
0.34 
0.00 
0 . 0 0  
1.37 
0.00 
0.34 
3.44 
0 . 0 0  
6.55 
2 . 0 6  
6 . 8 9  
0.34 
0.00 
1.37 
5.86 
290 
38.56 
5.54 
2.77 
1.15 
0.69 
12.70 
2.54 
3.23 
0 . 0 0  
0 . 9 2  
0.46 
1.38 
3.23 
0.23 
0.46 
0 . 0 0  
0.46 
0.23 
0.69 
0.23 
1.61 
0.23 
0.00 
3 .69  
0.00 
5.77 
6 . 0 0  
2.77 
0.23 
0.23 
0.23 
3 .69  
433 
31.27 
5.84 
5.15 
0.00 
0.34 
14.77 
5.15 
5.49 
0.00 
0 . 6 8  
0.34 
1.71 
1.37 
1.37 
0.34 
0 . 0 0  
0 . 0 0  
0.34 
1.03 
0.34 
2.40 
0 . 0 0  
0.00 
2.40 
0.34 
4.81 
6 . 5 2  
4.12 
0 . 0 0  
1.03 
0 . 0 0  
2.74 
291 
36.73 
3 . 2 6  
4.08 
1.22 
0 . 0 0  
16 .32  
1.63 
2.85 
0 . 0 0  
1 .63  
0 . 0 0  
2.44 
0 . 8 1  
0.40 
0.40 
0 . 0 0  
0.40 
0.40 
0.40 
0.00 
2.44 
0.40 
0.40 
2.44 
0.40 
8.16 
5.71 
4.08 
0.40 
0 . 0 0  
0 . 8 1  
1.63 
245 
29.72 
23.42 
3.14 
0.00 
0 .69  
1.04 
4.54 
4.54 
0.00 
0.69 
1.04 
1.74 
0.34 
1.74 
0.00 
0.00 
0 .69  
0.00 
0.00 
0.00 
1.39 
0 . 0 0  
0.00 
1.39 
0.00 
5 .94  
3.49 
4.54 
2.09 
0 .69  
1.04 
5 .94  
286 
Table 6 5 .  Percent F2 and testcross progeny plants of cross 
#Il2 in each genotypic class in the I968 actino-
mycin D recombination experiment 
Genotypic 0.00% (H^O + EÏOH) 0.001% 
classes 1 2 3 1 2®- 3 
Lg2Gl2SkFl2_V4 38 . 49  33 .48 32 .62 36  .40  29 .10 37 .67 
lglgl2Skfliv4 6 .10 7 .23 3 .04 5 .82 20 .14 4 .22 
Igl 7 .5G 4 .97 5 .48 4 . 8 5  6 .71 3 .16 
gl2 0 . 93  1 .35 1 .21 0  .97 0  . 0 0  1 . 0 5  
sk  1 .87 1 . 35  G .30 G .97 0  .74 1 .40 
f i l  10 .79 10 . 8 5  13 .41 9 .22 G .00 1 0  .21 
V i j  2 .34 3 .61 4 . 8 7  5 .33 2 . 23  2 . 8 1  
lg lg l2  4  .22 4 . 0 7  2 .43 3 .39 5 .97 3 .52 
Ig i sk  0 . 0 0  G .00 G .00 0 .48 0 .00 0 .35 
Ig l f l l  0  .46 2 . 71  G .91 1 .45 0 .00 2 . 8 1  
Igiv/i 0 . 0 0  G .00 G . 30  0 . 0 0  1 .49 G .35 
lglgl2sk 0 .93 0 . 9 0  1 .21 1 .45 3 .73 1 . 0 5  
lglgl2fli 1 .40 G . 9 0  2 . 13  2 .42 G .00 1 .05 
lglgl2V4 G . 46 G . 0 0  G .60 0 . 0 0  0 .00 G . 0 0  
Ig i skf l i  0 . 0 0  G . 0 0  G  .00 G . 0 0  0 .74 G .35 
Ig^skvy  0  . 0 0  G .00 0  . 0 0  0 .00 0 .00 G  . 0 0  
Ig l f l iv i i  0 .46 G . 0 0  0  .91 G  .97 0 .00 G  .70 
gl2sk 0  . 0 0  0 . 4 5  G  .00 0 .48 0 .74 1 .G5 
gl2fll 1 .87 G . 0 0  1 .21 G  .97 G  . 0 0  G . 35  
g l 2 V Z j  0 . 0 0  G .00 0  . 0 0  G . 0 0  0 . 00  0  . 35  
g l 2 S k f l i  G .93 G . 0 0  1  .52 2 .42 0  . 7 4  1  . 76  
gl2skv4 G .00 0 . 0 0  G  . 0 0  0  . 0 0  0  .00 G  . 00  
gl2fliV4 G  . 93  G . 4 5  G  .60 0  .48 0  . 00  G . 0 0  
skfli 2 .81 3 . 1 6  3 .65 3 . 39  2 .98 1  .76 
skvij G  .00 G  . 4 5  0  . 0 0  G  .48 0  . 00  0  . 7 0  
s k f l i v i j  7 . 04  9 . 5G 6  .70 6  .79 11 .94 7 .04 
f l l V 4  4 . 69  4 . 5 2  4 . 8 7  3 .88 2 . 2 3  5 .63 
l g l g l 2 S k f l i  2 .34 4 . 5 2  6  .40 2 . 9 1  3 .73 4 .57 
Iglgl25kv4 0  . 0 0  G . 0 0  0  . 6 0  G .48 0  .00 G . 0 0  
l g ] _ g l 2 f l i V 2 j  G .46 0 . 0 0  G  . 0 0  0  . 00  0  .74 0  . 0 0  
Ig i skf l iv i }  G .00 0 .45 G .3G G .48 0  . 0 0  G . 0 0  
g l 2 S k f l i v 4  2 .81 4 .97 4 .57 3 . 39  5 .97 5 .98 
Tota l  progeny  213 221 3 2 8  206 134 284 
STestcross progeny 
159 
0.005% 0.01% Checks 
la 2^ 3 1^ 2^ 1 2 3 
21.42 
17.85 
12.50 
0 . 0 0  
0 . 0 0  
3.57 
1.78 
7.14 
0 . 0 0  
0 . 0 0  
3.57 
5.35 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.78 
0.00 
0.00 
10.71 
3.57 
5.35 
0.00 
0 . 0 0  
0 .00  
5.35 
56 
19 .58  
24.47 
11.88 
0 . 0 0  
0 . 0 0  
0.69 
2 .79  
6 .99  
3.49 
0.69 
1.39 
1.39 
0 . 0 0  
1.39 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
12.58 
1.39 
1.39 
0.69 
0.00 
0.69 
8.39 
143 
38.46 
5.32 
5.32 
0.59 
0.59 
8 . 2 8  
5.32 
2.36 
0 . 0 0  
2.36 
0.59 
1.77 
1.18 
,0 .00 
0.59 
0 . 0 0  
0 . 0 0  
0.59 
0 . 0 0  
1.18 
1.77 
0 . 0 0  
0 . 0 0  
2.95 
0 . 0 0  
7.69 
5.91 
2.36 
0.59 
0.59 
0 .00  
3.55 
169 
15.78 
21.05 
7.51 
0.75 
0 . 0 0  
1.50 
7.51 
8.27 
0 . 0 0  
0.75 
0.75 
2.25 
0.75 
2.25 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.75 
0 . 0 0  
0.75 
1.50 
0 . 0 0  
0.75 
1.50 
0 . 0 0  
7.51 
4.51 
3.75 
0 . 0 0  
0 . 0 0  
1.50 
8.27 
133 
18 .65  
2 2 . 3 8  
8 .95  
0.00 
0.74 
2.23 
4.47 
8.20 
0.74 
2.23 
0.00 
0.74 
0.00 
3.73 
0.74 
0.00 
0.74 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.49 
1.49 
8 .95  
4.47 
5.22 
0.00 
0.00 
0.00 
3.73 
134 
36.92 
5.89 
4.61 
0.76 
0.25 
12.56 
3.07 
2.30 
0.25 
1.28 
0.51 
1.53 
2.05 
0.25 
0 . 0 0  
0 . 0 0  
1.02 
0.25 
0 . 0 0  
0.51 
1.53 
0.00 
0.25 
4.35 
0.25 
6.15 
5.38 
3.58 
0.25 
0.51 
0.25 
3.33 
390 
37.82 
8.01 
4.48 
0.64 
0.64 
8.65 
3.20 
2.24 
0.00 
3.20 
0.32 
1.28 
0.96 
0.64 
0.00 
0.00 
0.96 
0.32 
0.64 
0.00 
2.56 
0.00 
0.32 
3.84 
0.00 
6.08 
5.44 
3.52 
0.32 
0.00 
0.00 
3.84 
312 
37.82 
4.69 
4.69 
0.87 
0.58 
11.73 
3.51 
4.98 
0.00 
2.93 
0.29 
1.75 
2.05 
0.58 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.58 
0 . 0 0  
1.17 
0 . 0 0  
0.87 
2.63 
0.00 
6.74 
4.98 
2.34 
0.00 
0.87 
1.17 
2.05 
341 
Table 66. Percent F2 progeny plants of cross #Iy in each genotypic class in the 
1968 calcium recombination experiment 
Genotypic 100.00% 400.00% 1600.00% 25. 
classes 2131231 
02V5RaiGli 68.95 70.75 71.57 68.29 75.86 75.90 69.70 73.15 73.25 
02Vcraigli 11.04 15.09 7.10 15.33 6 .89  8 .63  16.18 10.73 12.20 
02 2.38 4.71 2.53 1.39 6 .89  1.81 2.07 2.01 0.58 
vg 0.59 0.00 1.52 0.34 0.00 0.00 0.41 1.34 0.58 
rai 0.89 0.00 1.01 1.04 0.00 0.45 0.00 0.67 0.58 
gll 1.49 0.00 2.03 1.39 3.44 1.81 1.24 2 .68  2.32 
02V5 2.38 3.77 1.52 2.43 1.72 1.81 2.48 2.01 0.58 
02rai 0.29 0.00 1.52 0.00 1.72 0.00 0.00 0.00 0.00 
02Sll 0.29 0.00 1.01 0.34 0.00 0.00 0.41 0.00 0.00 
o^v^rai 2.38 0.94 1.01 2.09 1.72 0.90 0.82 2.01 0.58 
02V5gli 0.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.16 
02raigli 0.29 0.00 2.03 1.39 1.72 0.00 0.41 1.34 0.00 
v^rai 1.19 0.47 0 .50  0.34 0.00 0.45 0.82 0.00 1.74 
V5gli 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
v^raigli 2.68 1.88 4.06 3.13 0.00 4 .09  3.31 2.01 4.65 
raigli 4.17 2.35 2.53 2.43 0.00 4.09 2.07 2.01 1.74 
Total progeny 335  212 197 287 58 220 241 149 172 
Table 66. (Continued) 
25 .00% 6 ,25% 1 .56% 0 .00% Checks  
3 1 2 3 1 2 3 1 2 1 2 3  
68.15 74.00 75 .89  66.19 74.07 65.26 68.96 76 .53  71 .87  56.63 73.80 70.87 
13.96 10.13 7.14 11.26 3 .70  14.38 12.50 6.12 10 .93  17.69 11.90 13.10 
4.46 3.08 1 .78  5.16 8.02 3 .85  2.58 2.04 2.60 6.19 2.38 5 .33  
0.00 0.44 0.89 0.46 0.00 1.40 0.86 0.00 0 .52  0.00 1.19 0.00 
0 .55  1.76 0.00 0 .00  1.85 0 .35  0.00 0.00 0.00 0.00 0.00 0.00 
1.11 2.20 1.33 0.93 1.85 3 .15  2.15 6.12 0.52 0.88 1.19 0.97 
1.67 0.88 0.44 1.87 1.23 2.45 3.01 1.02 2.60 0.88 0.00 0.97 
0.00 0.44 0.00 1.87 0.00 1.05 0.00 0.00 0.00 0.88 0.00 0.48 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04 0.00 0.00 0.00 
1.67 0.88 1.33 2 .34  1.23 1.40 1.72 0.00 0 .52  0.88 2.38 0.97 
0.00 0.88 0.00 0.46 0.00 0.00 0.43 1.02 0.00 0.00 0.00 0.00 
0 .55  0.00 0.44 1.40 3.08 0.70 0.86 0.00 0.00 5 .30  2.38 1.45 
1.67 0.88 0.44 0.93 1.23 1.75 0.43 0.00 0.52 0.00 0.00 0.48 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.52 0.00 0.00 0.00 
3.91 2.20 6.25 4.69 1.23 • 1.05 2.58 3.06 5.72 5.30 0.00 1.94 
2.23 2.20 4.01 2.34 2.46 3.15 3 .87  4.08 2.60 5.30 4.76 3 .39  
179 227 224 213 162 285  232 98 192 113 84 206 
Table 67. Percent F2 progeny plants of cross ill'j in each genotypic class in the 
1968 calcium recombination experiment 
Genotypic 
classes 
OsV^RaiGli 
o2V5raigli 
02 
V5 
rai 
gll 
02V5 
oprai 
oggli 
02V5rai 
02V5gli 
02raigll 
v^rai 
V5gli 
vsraigli 
ra^gli 
Total progeny 
.00.00% 400 0
 
0
 
1600.00% 25.00% 
2 2 3 2 1 2 3 
69.18 76.06 79.67 78.80 86.14 80.00 80.95 
10.81 8.51 4.87 10.59 1.80 6.36 4.76 
4.86 0.53 2.43 0.00 3.61 0.00 0.00 
1.08 0.53 1.62 0.66 1.20 0.00 0.00 
0.00 1.06 0.00 0.00 1.20 0.00 0.00 
1.62 1.59 2.43 3.31 3.61 0.90 4.76 
2.16 1.06 0.00 0.00 0.00 0.90 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.54 0.53 0.00 0.00 0.00 0.00 0.00 
1.62 1.06 0.00 0 .66 0.00 0.00 4.76 
0.00 0.53 0.00 0.00 0.00 0.00 0.00 
0.54 1.06 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.90 0.00 
2.16 3.19 5.69 2.64 1.20 5.45 4.76 
5.40 4.25 3.25 3.31 1.20 5.45 0.00 
185 188 123 151 166 110 21 
Table 67. (Continued) 
6.25% 1.56% 0.00% Checks 
1 2 3 2 2 3 1 2 3 
70.68 64.51 72.08 78.57 83.51 67.91 66.94 62.29 67.51 
0.00 8.29 6.66 4.76 3.19 11.22 7.02 16.39 13.37 
6.89 4.14 8.33 0.00 0.53 3.20 8.26 1.63 3.82 
0.00 0.92 1.25 2.38 0.53 1.06 0.41 0.00 0.63 
1.72 0.46 1.25 0.00 0.00 1.06 1.65 0.00 0.00 
1.72 3.22 0.41 2.38 1.59 1.60 0.82 3.27 2.54 
1.72 3.68 0.83 1.19 0.00 0.53 0.00 1.63 1.27 
3.44 0.00 0.00 0.00 0.53 0.00 0.82 0.00 0.00 
1.72 0.46 0.41 0.00 0.00 0.00 0.41 0.00 0.00 
0.00 2.76 0.83 1.19 0.53 1.06 1.23 6.55 0.00 
1.72 0.00 0.00 0.00 0.00 1.06 0.00 0.00 0.00 
0.00 0.46 1.25 0.00 0.00 0.53 4.95 1.63 0.63 
1.72 0.00 0.00 1.19 1.59 o.oc 0.00 0.00 0.00 
0.00 0.46 0.00 2.38 0.00 0.00 0.00 0.00 0.63 
3.44 6.91 3.33 2.38 5.85 5.88 4.54 3.27 1.91 
5.17 3.68 3.33 3.57 2.12 4.81 2.89 3.27 7.64 
58 217 240 84 188 187 242 61 157 
Table 68. Chi-square tests of segregation of genes on chromosome 2 of cross #12 
in the 196? actinomycin D recombination experiment 
Actinomycin D 
concentration 
and Genes 
plant number Lgi^ Igi Gl2^ gl2 sk Pl^^ fl]^ Vi|^ V4 
0.00% (H5O + (ETOH) 
1 
0 291 102 262 131 253 140 202 191 281 112 
294.8 98.2 294.8 98.2 294.8 98.2 196.5 196.5 294.8 98.2 
0.19 14.56** 23.65** 0.31 2.57 
2 
0 254 92 223 113 209 137 173 173 259 87 
E^ 259.5 86.5 259.5 86.5 259.5 86.5 173 173 259.5 86.5 
X2 0.47 13.25** 39.31** 0.00 0.00 
3 
0 198 48 175 71 160 86 142 104 176 70 
E 184.5 61.5 184.5 61.5 184.5 61.5 123 123 184.5 61.5 
X2 3.95* 1.96 13.01** 5.87* 1.57 
0.001% 
1 
0 273 69 229 113 217 125 185 157 270 72 
E^ 256.5 85.5 256.5 85.5 256.5 85.5 171 171 256.5 85.5 
x2 4.25* 11.79** 24.33** 2.29 2.84 
^Expected 3:1 segregation for F2 data 
^Expected 1:1 segregation for P2 data 
*,**Slgnificant at 5% and 1% level of probability, respectively 
Table 68, (Continued) 
Actlnomycin D 
concentration 
and 
plant number Igi GI2& gl2 
0.001% 
2 
0 
E 
X2 
0 
X2 
0.005% 
1 
0 
0 
E 
X2 
0 
E 
X2 
226 82 
231 77 
0.43 
208 100 
231 77 
9.16*  
187 62 178 71 
186.8 62.2 186.8 62.2 
0.00 1.64 
171 
156 
5.77 
37 151 
52 156 
0.64 
57 
52 
91 28 93 26 
89.2 29.8 89.2 29.8 
0.14 0.63 
229 77 215 91 
229.5 76.5 229.5 76.5 
0 . 0 0  3 . 6 6  
Genes 
Sî^ sk Pli^ fil Vija VJ4 
183 125 
231 77 
39.90** 
182 b7 14b 103 193 50 
186.6 62.2 124.5 124.5 I86.8 62.2 
n il A "7 h OU n P.h 
6
170 134 243 65 
154 154 231 77 
4.26* 2.49 
6 6
0.48 7.43* 0.84
157 51 
156 52 
0.03 
106 102 
104 104 
0.08 
172 36 
156 52 
6.56* 
89 30 61 58 98 21 
89.2 29.8 59.5 59.5 89.2 29.8 
0 . 0 8  0 . 0 0  
223 83 168 138 
229.5 76.5 153 153 
0.74 2.94 
3.43 
245 61 
229.5 76.5 
4.19* 
Table 68. (Continued) 
A c t i n o m y c i n  D  
c o n c e n t r a t i o n  
a n d  G e n e s  
p l a n t  n u m b e r  L g i &  I g i  G I 2 &  g l 2  8 k ^  s k  P l i ^  f l i  V i | ^  v y  
0.01% 
1 
0  1 9 1  7 6  1 7 2  9 5  1 8 4  8 3  1 4 1  1 2 6  1 9 5  7 2  
E  2 0 0 . 2  6 6 . 8  2 0 0 . 2  6 6 . 8  2 0 0 . 2  6 6 . 8  1 3 3 . 5  1 3 3 . 5  2 0 0 . 2  6 6 . 8  
X 2  1 . 7 1  1 5 . 9 4 * *  5 . 2 7 *  0 . 8 4  0 . 5 5  
C h e c k s  
1 
0  2 1 9  8 2  2 1 9  8 2  2 0 6  9 5  I 6 9  1 3 2  2 3 7  6 4  
2 2 5 . 8  7 5 . 2  2 2 5 . 8  7 5 . 2  2 2 5 . 8  7 5 . 2  1 5 0 . 5  1 5 0 . 5  2 2 5 . 8  7 5 . 2  
X 2  0 . 8 1  0 . 8 1  6 . 9 1 *  4 . 5 5 *  2 . 2 4  
2 
0  1 6 1  4 0  1 4 8  5 5  1 5 3  5 0  1 3 2  7 1  1 5 7  4 6  
E  1 5 2 . 2  5 0 . 8  1 5 2 . 2  5 0 . 8  1 5 2 . 2  5 0 . 8  1 0 1 . 5  1 0 1 . 5  1 5 2 . 2  5 0 . 8  
X 2  2 . 7 8  0 . 4 7  0 . 0 1  1 8 . 3 3 * *  0 . 5 9  
3 
0  2 7 3  7 4  2 5 9  8 8  2 2 6  1 2 1  1 9 3  1 5 4  2 5 0  9 7  
E  2 6 0 . 2  8 6 . 8  2 6 0 . 2  8 6 . 8  2 6 0 . 2  8 6 . 8  1 7 3 . 5  1 7 3 . 5  2 6 0 . 2  8 6 . 8  
' x 2  2 . 5 0  0 . 0 2  1 8 . 0 3 * *  4 . 3 8 *  1 . 6 1  
Table 69. Chi-square tests of segregation of genes on chromosome 2 of cross #Il2 
in the I967 actinomycin D recombination experiment 
Actinomycin D 
concentration 
and Genes 
plant number Lgi& Igi GI2& gig Sk^ sk Pl^^ fli vy 
0 . 0 0 %  ( H p O  +  E T O H )  
1 
0  1 4 4  3 7  1 4 0  4 1  1 1 8  6 3  9 0  9 1  1 4 7  3 4  
E  1 3 5 . 8  4 5 . 2  1 3 5 . 8  4 5 . 2  1 3 5 . 8  4 5 . 2  9 0 . 5  9 0 . 5  1 3 5 . 8  4 5 . 2  
X 2  2 . 0 1  0 . 5 3  9 . 2 8 * *  0 . 0 1  3 . 7 3  
2 
0  1 9 1  7 4  1 9 2  7 3  1 9 1  7 4  1 3 5  1 3 0  2 0 4  6 1  
E  1 9 8 . 8  6 6 . 2  1 9 8 . 8  6 6 . 2  1 9 8 . 8  6 6 . 2  1 3 2 . 5  1 3 2 . 5  1 9 8 . 8  6 6 . 2  
X 2  1 . 2 1  0 . 9 2  1 . 2 1  0 . 0 9  0 . 9 1  
3  
0  2 1 8  8 3  2 1 5  8 6  2 1 9  8 2  1 6 4  1 3 7  2 3 1  7 0  
E  2 2 5 . 8  7 5 . 2  2 2 5 . 8  7 5 . 2  2 2 5 . 8  7 5 . 2  I 5 0 . 5  1 5 0 . 5  2 2 5 . 8  7 5 . 2  
X 2  1 . 0 6  2 . 0 5  0 . 8 1  2 . 4 2  0 . 4 9  
0.001% 
1 
0  1 6 7  5 8  1 7 4  5 1  1 7 3  5 2  1 1 2  1 1 3  1 8 3  4 2  
E  1 6 8 . 8  5 6 . 2  1 6 8 . 8  5 6 . 2  1 6 8 . 8  5 6 . 2  1 1 2 . 5  1 1 2 . 5  I 6 8 . 8  5 6 . 2  
x 2  0 . 0 7  0 . 6 5  0 . 4 3  0 . 0 0  4 . 8 1 *  
^Expected 3:1 segregation for F2 data 
^Expected 1:1 segregation for F2 data 
*,**Significant at 5% and 1% level of probability, respectively 
Table 69. (Continued) 
Actinomycin D 
concentration 
and Genes 
plant number Lgi& Igi GI2& gl2 sk Fl^b flj vi} 
0.00155 
2 
0  1 8 0  '  5 2  1 7 5  5 7  1 5 9  7 3  1 1 6  1 1 6  1 7 6  5 6  
E 174 58 174 58 174 58 1 1 6  1 1 6  174 5 8  
X 2  0 . 8 3  0 . 0 2  5 . 1 7  0 . 0 0  0 . 0 9  
3 
0  1 5 6  6 0  1 5 4  6 2  1 6 8  4 8  1 0 6  1 1 0  1 6 7  4 9  
E  1 6 2  5 4  1 6 2  5 4  1 6 2  5 4  1 0 8  1 0 8  1 6 2  5 4  
x 2  0 , 8 9  1 . 5 8  0 . 8 9  0 . 0 7  0 . 6 2  
0 . 0 0 5 %  
1 
0  1 6 2  6 0  1 5 9  6 3  1 6 2  6 0  1 1 7  1 0 5  1 6 8  5 4  
E 1 6 6 .5 55.5 166.5 55.5 166.5 55.5 1 1 1  1 1 1  166.5 55.5 
X2 0 .49 1.35 0.49 0 . 6 5  0 . 0 5  
2 
0  1 0 6  2 6  93 39 9 8  34 6 7  6 5  1 0 4  2 8  
E 99 33 99 33 99 33 66 66 99 33 
X 2  1 . 9 8  1 . 4 5  0 . 0 4  0 . 0 3  1 . 0 1  
3c 
0  6 1  75 72 6 4  7 2  64 6 6  7 0  7 6  6 0  
E 68 68 68 68 68 68 68 68 68 68 
X2 1.44 0.47 0.47 0.12 1.88 
CTestcross data; ail genes segregate 1:1 
Table 69. (Continued) 
Actinomycin D 
Goncentration 
and 
plant number Lgi& Igi Glg^ glg 
0.01% 
1 
0  6 6  1 8  6 6  1 8  
E 6 3  2 1  6 3  2 1  
X 2  0 . 5 7  0 . 5 7  
2 
0  6 4  1 5  6 0  1 9  
5 9 . 2  1 9 . 8  5 9 . 2  1 9 . 8  
X 2  1 , 5 2  0 . 0 4  
3  
0  1 3 7  3 7  1 3 6  3 8  
E 130.5 43.5 130.5 43.5 
X 2  1 . 2 9  0 . 9 3  
Checks 
1 
0  2 4 4  7 3  2 3 6  8 1  
E  " "  "  "  
2 
y j 0
2 3 7 . 8  7 9 . 2 2 3 7 . 8 7 9 . 2  
n.66 n.ns X 2  0 0 0 5
0  1 9 3  6 0  1 9 3  6 0  bO bO
1 8 9 . 8  6 3 . 2  1 8 9 . 8  6 3 . 2  
X2 0.22 0.22 
3 
0  2 7 4  7 6  2 6 1  8 9  
E  2 6 2 . 5  8 7 . 5  2 6 2 . 5  8 7 . 5  
X 2  2 . 0 2  0 . 0 3  
Genes 
3j^a 8k Plib fil Yl^a. 
5 7  2 7  
6 3  2 1  
2 . 2 9  
4 0  4 4  
4 2  4 2  
0 . 1 9  
6 8  1 6  
6 3  2 1  
1 . 5 9  
6 0  1 9  4 7  3 2  6 5  1 4  
5 9 . 2  1 9 . 8  39 .5  39 .5  5 9 . 2  1 9 . 8  
0 . 0 4  2 . 8 5  
1 2 7  4 7  8 9  8 5  
1 3 0 . 5  4 3 . 5  8 7  8 7  
0 . 3 8  0 . 0 9  
2 . 2 3  
1 4 5  2 9  
1 3 0 . 5  4 3 . 5  
6 . 4 4 *  
2 3 0  8 7  1 5 7  1 6 0  2 4 9  6 8  
2 3 7 . 8  7 9 . 2  1 5 8 . 5  1 5 8 . 5  2 3 7 . 8  7 9 . 2  
1 . 0 1  0 . 0 3  2 . 1 3  
1 9 1  6 2  1 3 0  1 2 3  2 1 0  4 3  
1 8 9 . 8  6 3 . 2  1 2 6 . 5  1 2 6 . 5  1 8 9 . 8  6 3 . 2  
0 . 0 3  0 . 1 9  8 . 6 4 * *  
2 7 5  7 5  
2 6 2 . 5  8 7 . 5  
2 . 3 8  
2 5 7  9 3  1 8 9  1 6 1  
2 6 2 . 5  8 7 . 5  1 7 5  1 7 5  
0 . 4 6  2 . 2 4  
Table 69. (Continued) 
Actinomycin D 
concentration 
and 
plant number LSi* Igl GI2& gl2 
Genes 
Ska 5k Pll^ fil V4 
Checks 
2|C 
0 
E 
X2 
52 
50.5 
0 
49 
50.5 
.09 
53 
50.5 
0. 
48 
50.5 
25 
52 
50.5 
0 
49 
50.5 
.09 
47 
50.5 
0. 
54 
50.5 
48 
62 
50.5 
5 
39 
50.5 
.24* 
Table 70. Chi-square tests of segregation of genes on chromosome 2 of cross 
in the I968 actinomycin D recombination experiment 
Actinomycin D 
concentration 
and Genes 
plant number Lgi®' Ig^ Gl2^ gl2 sk Pl^ f 1]_ vij 
0 . 0 0 %  ( H g O  +  E T O H )  
1 
0  1 6 2  3 7  1 4 3  5 6  1 2 4  7 5  1 0 6  9 3  1 3 4  6 5  
E  1 4 9 . 2  4 9 . 8  1 4 9 . 2  4 9 . 8  1 4 9 . 2  4 9 . 8  9 9 . 5  9 9 . 5  1 4 9 . 2  4 9 . 8  
X 2  4 . 3 6 *  1 . 0 5  1 7 . 0 9 * *  0 . 8 5  6 . 3 2 *  
2 
0 86 31 72 45 70 47 59 58 70 47 
E  8 7 . 8  2 9 . 2  8 7 . 8  2 9 . 2  8 7 . 8  2 9 . 2  5 8 . 5  5 8 . 5  8 7 . 8  2 9 . 2  
x2 0.14 1 1 . 3 1 * *  14 . 3 6 * *  0 . 0 1  14 . 3 6 * *  
3c 
0  8 0  1 1 1  9 2  9 9  8 8  1 0 3  9 6  9 5  9 4  9 7  
E ^  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  9 5 . 5  
5 . 0 3 *  0 . 2 6  1 . 1 8  0 . 0 1  0 . 0 5  
0.001% 
1 
0  9 9  3 1  9 2  3 8  8 8  4 2  7 2  5 8  8 6  4 4  
E ^  9 7 . 5  3 2 . 5  9 7 . 5  3 2 . 5  9 7 . 5  3 2 . 5  6 5  6 5  9 7 . 5  3 2 . 5  
X2 0 . 0 9  k , 2 4  3.70 1 . 6 0  5 . 4 2 *  
^Expected 3:1 segregation for F2 data 
^Expected 1:1 segregation for F2 data 
^Testcross data; all genes segregate 1:1 
*,**Significant at 5% and 1% level of probability, respectively 
Table 70. (Continued) 
Actinomycin D 
concentration 
and 
plant number Lgi^ Igi Glg®- gl2 
0.005% 
ic 
0 162 136 153 145 
E 149 149 149 149 
X2 2.27 0.21 
20 
0 70 82 78 74 
76 76 76 76 
0 . 9 5  0 . 1 1  
3 
0 123 41 119 45 
E 123 41 123 41 
x2 0.00 0.52 
0.01% 
ic 
0 151 139 149 141 
E 145 145 145 145 
X2 0.50 0.22 
Checks 
1 
0 335 96 326 107 
E 324.8 108.2 324.8 108.2 
X2 1.71 0.02 
2 
0 211 80 210 81 
E 218.2 72.8 218.2 72.8 
X2 0.96 1.25 
Genes 
Sk^ sk Pljt) fl2 V2} 
146 152 
149 149 
0.12 
74 78 
76 76 
0.11 
105 59 
123 41 
10.54** 
148 150 
149 149 
0.01 
76 76 
76 76 
0 . 0 0  
89 75 
82 82 
1.20 
153 145 
149 149 
0.21 
64 88 
76 76 
3.79 
118 46 
123 41 
0 . 8 1  
134 156 142 148 155 135 
145 145 145 145 145 145 
1.67 0.12 1.38 
318 115 225 208 321 112 
324.8 108.2 216.5 216.5 324.8 108.2 
0.56 0.67 0.17 
217 74 151 140 208 83 
218.2 72.8 145.5 145.5 218.2 72.8 
0.03 0.42 1.93 
Table 70. (Continued) 
Actinomycin D 
concentration 
and Genes 
plant number Lgi& Igi GI2& gl2 SÎ?® sk Pli^» flj VijS- vij 
Checks 
3 
0  1 9 2  53  193 52  1 7 8  6 7  1 2 6  1 1 9  187 58  
E 1 8 3 . 8  6 1 . 2  1 8 3 . 8  6 1 . 2  I 8 3 . 8  6 1 . 2  122.5  122.5  I 8 3 . 8  6 1 . 2  
X2 1 .48  1 .86  0 .72  0 .20  0 .23  
UC 
0  155 131 153 133 148 1 3 8  141 145 I4 l  145 
E 143 143 143 143 143 143 143 143 143 143 
X 2  2 . 0 1  1 . 4 0  0 . 3 5  O . O 6  O . O 6  
Table 71. Chi-square tests of segregation of genes on chromosome 2 of cross #Il2 
in the 1968 actinomycin D recombination experiment 
Actinomycin D 
concentration 
and Genes 
plant number Lgi& lg]_ Ql2^ gig Sk^ sk Pli" flj Vij^ vi| 
0.00% (HgO + ETOH) 
0 l6l 52 163 50 160 53 121 92 159 54 
159.8 53.2 159.8 53.2 159.8 53.2 106.5 106.5 159.8 53.2 
X2 0.04 0.26 0.00 3.95* 0.01 
2 
0  1 6 4  57 1 6 6  55 1 4 8  73 1 1 2  109 1 5 2  6 9  
E 1 6 5 . 8  55.2 165.8 55.2 I 6 5 . 8  55.2 110.5 110.5 I 6 5 . 8  55.2 
x 2  0 . 0 7  0 . 0 0  7 . 6 0 * *  0 . 0 4  4 . 5 6 *  
3 
0  2 4 8  8 0  2 4 4  84 235 93 1 6 6  1 6 2  2 3 8  9 0  
E 246 82 246 82 246 82 l64 l64 246 82 
x2  0 . 0 6  0 . 0 6  1 .97  0 . 0 5  1 . 0 4  
0.001% 
1 
0  1 5 5  51 154 5 2  145 6 1  1 1 6  9 0  148 5 8  
E 1 5 4 . 5  51.5 154.5 51.5 154.5 51.5 103 1 0 3  154.5 51.5 
x 2  0 . 0 1  0 . 0 1  2 . 3 4  3 . 2 8  1 . 0 9  
^Expected 3:1 segregation for Pg data 
^Expected 1:1 segregation for Fg data 
*,**Signifleant at 5% and 1% level of probability, respectively 
Table 71. (Continued) 
Actinomycin D 
concentration 
and Genes 
plant number Lgi& Ig^ Glg^ gl2 Ska sk Pl^b fl^ Vij^ V4 
0.001% 
2° 
0  7 6  5 8  7 8  5 6  6 5  6 9  6 8  6 6  7 4  6 0  
E 6 7  6 7  6 7  67 67 6 7  6 7  6 7  6 7  6 7  
X 2  2 . 4 2  3 . 6 1  0 . 1 2  0 . 0 3  1 . 4 6  
3 
0  2 2 1  6 3  2 1 3  7 1  I 9 B  8 6  1 5 2  1 3 2  2 0 5  7 9  
E  2 1 3  7 1  2 1 3  7 1  2 1 3  7 1  1 4 2 .  1 4 2  2 1 3  7 1  
X2 1.20 0.00 4.23* 1.41 1.20 
0.005% 
ic 
0  27 29 32 24 31 25 2 9  27 31 25 
E 28 28 28 28 28 28 28 28 28 28 
X 2  0 , 0 7  1 . 1 4  0 . 6 4  0 . 0 7  0 . 6 4  
2C 
0  6 5  78 79 64 6 7  76 71 72 6 6  77 
71.5 71.5 71.5 71.5 71.5 71.5 71.5 71.5 71.5 71.5 
X 2  1 . 1 8  1 . 5 7  0 . 5 7  0 . 0 1  0 . 8 5  
3 
0 130 39 • 132 37 122 47 97 72 117 52 
E 1 2 6 . 8  42.2 126,8 42.2 1 2 6 . 8  42.2 84.5 84.5 1 2 6 .8 42.2 
X2 0.33 0 . 8 7  0.71 3.70 3.00 
CTestcross data; ail genes segregate 1:1 
Table 71. (Continued) 
Actinomycln D 
concentration 
and Genes 
plant number Igi GI2& glg Sk^ sk Fli^ fl^ vij 
5 7  76 6 5  6 8  6 9  64 6 2  71 6 0  73 
66.5 66.5 66.5 66.5 66.5 66.5 66.5 66,5 66.5 66.5 
2 . 8 6  0 . 0 7  0 . 1 9  0 . 6 1  1 . 2 7  
0.01% 
10 
0 
2C 
0  6 2  72 75 59 72 6 2  70 64 6 7  6 7  
E 6 7  6 7  67 6 7  6 7  6 7  6 7  6 7  6 7  6 7  
X2 0.75 1.91 0.75 0.27 0.00 
Checks 
1 
0 295 95 300 90 281 109 202 188 282 I O 8  
2 9 2 . 5  97.5 2 9 2 . 5  97.5 292.5 97.5 195 195 292.5 97.5 
X2 0.09 0.77 1.81 0.50 1.51 
2 
0  2 3 1  8 1  2 3 3  7 9  2 1 7  9 5  1 6 2  I 5 0  2 2 1  9 1  
E  2 3 4  7 8  2 3 4  7 8  2 3 4  7 8  1 5 6  1 5 6  2 3 4  7 8  
0 . 1 5  0 . 0 2  4 . 9 4 *  0 . 4 6  2 . 8 9  
3 
0  2 5 1  9 0  2 6 3  7 8  2 6 2  7 9  1 8 8  1 5 3  2 5 3  8 8  
E  2 5 5 . 8  8 5 . 2  2 5 5 . 8  8 5 . 2  2 5 5 . 8  8 5 . 2  1 7 0 . 5  1 7 0 . 5  2 5 5 . 8  8 5 . 2  
0.35 0 . 8 2  0 . 6 1  3.59 0 . 1 2  
Table 72. Chi-square tests of segregation^ of genes on chromosome 7 of cross 
in the I968 calcium recombination experiment 
Calcium 
treatment and Genes 
plant number O2 og V5 Ra^ ra^ Gli gli 
100.00% 
1 
0 2 6 9  6 6  2 6 4  71 258 77 2 6 5  7 0  
E 251.2 8 3 . 8  251.2 8 3 . 8  251.2 8 3 . 8  251.2 8 3 . 8  
X2 5.02* 2.59 0.73 3.01 
2 
0  1 6 0  52 165 47 1 6 8  44 1 7 1  4 1  
E 159 53 159 53 159 53 159 53 
X 2  0 . 0 2  0 . 9 1  2 . 0 4  3 . 6 2  
400.00% 
1 
0  1 6 4  33 1 6 6  3 1  1 5 8  39 I 6 0  37 
E 147.8 49.2 147.8 49.2 147.8 49.2 147.8 49.2 
x 2  7 . 1 5 * *  9 . 0 2 * *  2 . 8 4  4 . 0 6 *  
3 
0  2 2 1  6 6  2 1 9  6 8  2 1 3  7 4  2 1 8  6 9  
E 215.2 71.8 2 1 5 . 2  7 1 . 8  2 1 5 . 2  7 1 . 8  2 1 5 . 2  71.8 
x 2  0 . 6 1  0 . 2 6  0 . 0 9  0 . 1 4  
1 6 0 0 . 0 0 %  
1 
0  46 1 2  5 2  6 5 1  7 5 1  7 
E 4 3 . 5  14.5 43.5 14.5 43.5 14.5 43.5 14.5 
X2 0.57 6.64** 5.17* 5.17* 
^Expected 3:1 segregation for Pg data 
*,**Significant at 5% and 1% level of probability, respectively 
Table 72. (Continued) 
C a l c i u m  
t r e a t m e n t  a n d  
p l a n t  n u m b e r  O 2  0 2  
1600.00% 
2 
0 
3  
0  
E  
X2 
25.00% 
1 
6.25% 
1 
0 
E, 
X' 
0 
E, 
X' 
0 
E  
X2 
0 
E ,  
191 29 
1 6 5  5 5  
1 6 . 3 9 * *  
1 8 7  5 4  
1 8 0 . 8  6 0 . 2  
0 . 8 6  
122 27 
111.8 37.2 
3.76 
1 4 6  2 6  
129 43 
8 . 9 6 * *  
139 40 
1 3 4 . 2  4 4 . 8  
0 . 6 7  
1 9 0  3 7  
1 7 0 . 2  5 6 . 8  
9.16** 
G e n e s  
V5 V5 Ra^ ra^ Glj gl^ 
1 8 5  3 5  1 7 9  4 1  1 7 9  4 1  
1 6 5  5 5  1 6 5  5 5  1 6 5  5 5  
9 . 7 0 * *  4 . 7 5 *  4 . 7 5 *  
183 5 8  1 8 4  5 7  1 8 4  5 7  
1 8 0 . 8  6 0 . 2  1 8 0 . 8  6 0 . 2  1 8 0 . 8  6 0 . 2  
0 . 1 1  0 . 2 3  0 . 2 3  
1 2 2  2 7  1 2 1  2 8  1 2 1  2 8  
1 1 1 . 8  3 7 . 2  1 1 1 . 8  3 7 . 2  1 1 1 . 8  3 7 . 2  
3 . 7 6  3 . 0 6  3 . 0 6  
1 3 5  3 7  1 3 5  3 7  1 3 4  3 8  
1 2 9  4 3  1 2 9  4 3  1 2 9  4 3  
1 . 1 2  1 . 1 2  0 . 7 8  
1 3 8  4 1  1 3 5  4 4  1 4 0  3 9  
1 3 4 . 2  4 4 . 8  1 3 4 . 2  4 4 . 8  1 3 4 . 2  4 4 . 8  
0 . 4 2  0 . 0 2  0 . 9 8  
1 9 0  3 7  1 8 5  4 2  1 8 7  4 0  
1 7 0 . 2  5 6 . 8  1 7 0 . 2  5 6 . 8  1 7 0 . 2  5 6 . 8  
9 . 1 6 * *  5 . 1 1  6 . 5 9 *  
Table 72. (Continued) 
Calcium 
treatment and 
plant number Og 03 
6.25% 
2 
1 . 5 6 %  
1 
0.00% 
1 
0 
E 
X2 
ê 
0 
E 
X2 
0 
X2 
0 
E_ 
0 
E 
0 
1 9 9  2 5  
168 56 
2 2 . 8 8 * *  
1 6 1  5 2  
1 5 9 . 8  5 3 . 2  
0.04 
1 3 4  2 8  
121.5 40.5 
5.14 
217 68 
2 1 3 . 8  7 1 . 2  
0 . 2 0  
1 8 3  4 9  
174 58 
1 . 8 6  
88 10 
73.5 2 4 . 1  
11.44** 
Genes 
V5 V5 Ra^ ra^ Glj glj 
1 8 7  37 180 44 1 8 1  43 
1 6 8  5 6  1 6 8  5 6  1 6 8  5 6  
8 . 6 0 * *  3 . 4 3  4 . 0 2 *  
1 6 6  4 7  1 6 0  5 3  1 6 8  4 5  
1 5 9 . 8  5 3 . 2  1 5 9 . 8  5 3 . 2  1 5 9 . 8  5 3 . 2  
0 . 9 8  0 . 0 0  1 . 7 0  
1 4 8  1 4  1 3 8  2 4  1 4 2  2 0  
121.5 40.5 121.5 40.5 121.5 40.5 
2 3 . 1 2 *  8 . 9 6 * *  1 3 . 8 4 * *  
2 2 1  64 2 1 7  68 2 2 1  64 
2 1 3 . 8  7 1 . 2  2 1 3 . 8  7 1 . 2  2 1 3 . 8  7 1 . 2  
0 . 9 8  0 . 2 0  0 . 9 8  
182 50 181 51 180 52 
1 7 4  5 8  1 7 4  5 8  1 7 4  5 8  
1.47 1.13 0.83 
87 11 86 12 79 19 
73.5 24.5 73.5 24.5 7 3 . 5  24.5 
9 . 9 2 * *  8 . 5 0 * *  1 , 6 5  
Table 72. (Continued) 
Calcium 
treatment and Genes 
plant number O2 02 Ra^ ra^ Glj glj 
0.00% 
2 
0 158 34 151 41 153 39 151 4l 
E 144 48 144 48 144 48 144 48 
x2 5 .44* 1 . 3 6  2 . 2 5  1.36 
Checks 
1 
0  77 36 8 5  2 8  7 2  41 74 39 
E 84.8 28.2 84.8 28.2 84.8 28.2 84.8 28.2 
2 . 8 3  0 . 0 0  7 . 6 7 * *  5 . 4 5 *  
2 
0  6 8  1 6  7 1  13 6 6  1 8  67 17 
E 6 3  2 1  6 3  2 1  6 3  2 1  6 3  2 1  
X 2  1 . 5 9  4 . 0 6 *  0 . 5 7  1 . 0 2  
3 
0 1 6 0  46 170 3 6  1 6 1  45 163 43 
144.5 61.5 144.5 61.5 144.5 61.5 144.5 61.5 
x2 5.57* 15.07** 6.31* 7.93** 
Table 73. Chi-square tests of segregationa of genes on chromosome 7 of cross #117 
in the 1968 calcium recombination experiment 
Calcium 
treatment and Genes 
plant number Og ©2 Ra^- ra^ Glj gl^ 
100.00% 
2 
0  147 3 8  1 5 2  33 147 38 146 39 
E 1 3 8 . 8  46.2 1 3 8 . 8  46.2 1 3 8 . 8  46.2 1 3 8 . 8  46.2 
x 2  1 . 9 6  5 . 0 6  1 . 9 6  1 . 5 2  
400.00% 
2 
0  1 6 3  25 1 6 0  2 8  1 5 2  3 6  151 37 
E I4l 47 l4l 4 7  141 47 141 47 
x2 13.73** 10.24** 3.43 2.84 
3 
0  1 1 4  9 108 15 1 0 6  17 103 2 0  
9 2 . 2  3 0 . 8  9 2 . 2  3 0 . 8  9 2 , 2  3 0 . 8  9 2 . 2  3 0 . 8  
x2 20.51** 10.76** 8.20** 5.01* 
1 6 0 0 . 0 0 %  
2 
0  1 3 4  1 7  1 2 9  2 2  1 3 5  1 6  1 2 1  3 0  
1 1 3 . 2  3 7 . 8  1 1 3 . 2  3 7 . 8  1 1 3 . 2  3 7 . 8  1 1 3 . 2  3 7 . 8  
1 5 . 2 1 * *  8 . 7 6 * *  1 6 . 7 1 * *  2 . 1 2  
^Expected 3:1 segregation for F2 data 
*,**Significant at 5% and 1% level of probability, respectively 
Table 73. (Continued 
Calcium 
treatment and 
plant number O2 02 
25.00% 
1 
6,25% 
1 
0 
E, 
X' 
0 
0  
0  
E, 
X' 
0 
0  
X2 
157 9 
124.5 41.5 
33.94** 
102 8 
82.5 27.5 
18.44** 
19 2 
15.8 5.2 
2.68 
49 9 
43.5 14.5 
2 . 7 8  
174 43 
162.8 54.2 
3.11 
1 9 6  44 
180 60 
5 . 6 9 *  
Genes 
V5 V5 Ra^ ra^ Gl^ gl^ 
159 7 157 9 153 13 
124.5 41.5 124.5 41.5 124.5 41.5 
38.24** 33.94** 26.10** 
95 15 91 19 89 21 
8 2 . 5  27.5 82.5 27.5 8 2 . 5  27.5 
7 . 5 8 * *  3 . 5 0  2 . 0 5  
1 8  3 1 8  3 18 3 
1 5 . 8  5 . 2  1 5 . 8  5 . 2  1 5 . 8  5 . 2  
1.29 1.29 1.29 
5 3  5  4 9  9  5 0  8  
43.5 14.5 43.5 14.5 43.5 14.5 
8 . 3 0 * *  2 . 7 8  3 . 8 8 *  
1 6 7  5 0  1 6 8  4 9  1 6 6  5 1  
1 6 2 . 8  5 4 . 2  1 6 2 . 8  5 4 . 2  1 6 2 . 8  5 4 . 2  
0 . 4 4  0 . 6 8  0 . 2 6  
209 31 200 40 203 37 
1 8 0  6 0  1 8 0  6 0  1 8 0  6 0  
1 8 . 6 9 * *  8 . 8 9 * *  1 1 . 7 6 * *  
Table 73. (Continued) 
Calcium 
treatment and Genes 
plant number O2 og V5 Ra^ ra^ Glj glj 
1.56% 
2 
0 78 6 71 13 73 11 71 13 
6 3  2 1  6 3  2 1  6 3  2 1  6 3  2 1  
14.29** 4.06* 6.35* 4.06* 
0 .00% 
2 
0  179 9 1 6 6  2 2  1 6 2  2 6  1 6 4  2 4  
E 141 47 l4l 47 l4l 47 141 47 
x 2  4 0 . 9 6 * #  1 7 . 7 3 * *  1 2 . 5 1 * *  1 5 . 0 1 * *  
3 
0  154 33 148 39 141 46 l4o 47 
E 140.2 46,8 140.2 46.8 140.2 46.8 140.2 46.8 
X2 5.39* 1.71 0.02 0.00 
Checks 
1 
0  1 8 7  5 5  2 0 7  3 5  1 8 6  5 6  1 9 2  5 0  
E. 1 8 1 . 5  6 0 . 5  1 8 1 . 5  6 0 . 5  181.5 60.5 1 8 1 . 5  6 0 . 5  
X " ^  0 . 6 7  14.33** 0 .45 2 .43 
2 
0  44 1 7  44 1 7  42 1 9  44 17 
E 45.8 1 5 . 2  45.8 1 5 . 2  45.8 1 5 . 2  45.8 1 5 . 2  
X 2  0 . 2 7  0 . 2 7  1 . 2 3  0 . 2 7  
3 
0 127 30 129 28 120 37 115 42 
E^ 1 1 7 . 8  3 9 . 2  1 1 7 . 8  3 9 . 2  1 1 7 . 8  39.2 1 1 7 . 8  3 9 . 2  
X2 2.91 4.30* 0.17 0.26 
Table 74, Percent types of crossovers for each treated plant of cross #12 and #Il2 
In the 1967 actinomycln D recombination experiment 
Treatment and Types of crossovers 
plant number Non-crossovers Singles boubles Triples Quadruples 
0.00% (H2O + ETOH) 
2 
34.6 
37.3 
41.9 
#l2 
32.3 
2 6 . 6  
33.7 
24.9 
2 9 . 8  
20.3 
7.1 
3.4 
3.2 
1.0 
2.3 
0 . 8  
0.001% 
1 
2 
3 
37.4 
3 6 . 0  
41.4 
25.7 
29.5 
2 6 . 1  
2 9 . 8  
2 7 . 6  
2 6 . 9  
5.6 
6 . 2  
4.4 
1.5 
0 . 6  
1.2 
0.005% 
1 
2 
3 
3 8 . 9  
35.3 
39.2 
2 6 . 9  
26.9 
2 2 . 2  
31.2 
2 8 . 6  
26.5 
2.4 
9.2 
11.1 
0.5 
0 . 0  
1.0 
0.01% 
40.4 30.0 22.5 6.4 0.7 
Check 
1 
2 
3 
42.8 
47.8 
40,1 
25.2 
2 6 . 6  
2 8 . 2  
2 6 . 2  
2 0 . 2  
2 3 . 1  
4.3 
4.4 
8.4 
1.3 
1.0 
0.3 
Table 74. (Continued) 
Treatment and 
plant number Non-crossovers 
Types 
Singles 
of crossovers 
Doubles Triples Quadruples 
#Il2 
0.00% (HpO + ETOH) 
1 3 8 . 1  24.3 30.9 6 . 1  0 . 6  
2 34.0 28.7 2 6 . 4  9.8 1 . 1  
3 3 8 . 2  3 0 . 6  2 2 . 6  7.6 1 . 0  
0 . 0 0 1 %  
1 42.2 2 1 . 8  25.3 1 0 . 2  0.4 
2 37.9 28.9 26.3 6 . 0  0.9 
3 43.5 21.3 2 3 . 6  8 . 8  2 . 8  
0 . 0 0 5 %  
1 39.2 29.7 22.5 7.2 1.4 
2 3 8 . 6  25.0 26.5 8.3 1.5 
3% 43.4 41.2 13.2 2.2 0.0 
0.01% 
1  47.6 20.2 28.6 3.6 0.0 
2  48.1 22.8 25.3 3.8 0.0 
3 40.2 2 3 . 6  29.9 5.2 1.1 
Check 
1 40.1 22.7 2 7 . 8  8.5 0.9 
2 37.5 24.1 3 0 . 0  7.1 1.2 
3 41.1 2 2 . 6  26.8 8.0 1.4 
Ha 35.6 41.6 16.8 5.9 0.0 
^Testcross data 
Table 75. Percent types of crossovers for each treated plant in the 1968 actino-
mycin D recombination experiment 
Treatment and Types of crossovers 
plant number Non-crossovers Singles Doubles Triples Quadruples 
§ 1 2  
0.00% (HgO + ETOH) 
1 42.2 
2  3 6 . 8  
3^ 49.7 
36.7 
38.5 
40.3 
20.1 
20.5 
8.9 
0.5 
4.3 
1.0 
0.5 
0 . 0  
0 . 0  
0.001% 
36.9 39.2 1 9 . 2  3.8 0 . 8  
0.005% 
la 
2a 
3 
51.3 
48.0 
42.0 
39.3 
42.8 
39.0 
8.7 
8.6 
15.8  
0.7 
0 . 6  
1.8 
0 . 0  
0 . 0  
1.2 
0.01% 
la 50.3 37.6 10.7 1.0 0.3 
Check 
1 
2 
3 
4a 
44.1 
37.1 
40.0 
53.1 
2 8 . 2  
35.7 
3 0 . 6  
33.9 
21.9 
2 3 . 0  
24.9 
11.9 
5.1 
3.1 
4.1 
1.0 
0.7 
1.0 
0.4 
0 . 0  
aTestcross progeny data 
Table 75. (Continued) 
Treatment and Types of crossovers 
plant number Non-crossovers Singles Doubles Triples Quadruples 
ni2 
0.00% (H2O + ETOH) 
1 
2 
3 
0.001% 
1 
2a 
3 
0 . 0 0 5 %  
0.01% 
la 
2a 
3 
la 
2a 
44.6 
40.7 
35.7 
42.2 
49.2 
41.9 
39.3 
44.1 
43.8 
3 6 . 8  
41.0 
31.9 
37.1 
3 6 . 6  
3 2 . 0  
42.5 
33.8 
5 1 . 8  
46.8 
34.3 
4 9 . 6  
44.8 
18.8 
1 7 . 6  
22.9 
19.4 
7.5 
1 8 . 3  
7.1 
4.9 
1 6 . 6  
10.5 
9.0 
2 . 8  
4.5 
3.6 
5.3 
0.7 
5.6 
1.8 
4.2 
5.3 
3.0 
5.2 
1.9 
0 . 0  
1.2 
1.0 
0 . 0  
0.4 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
Check 
1 
2 
3 
42.8 
45.8 
42.5 
3 0 . 0  
30.1 
31.1 
2 2 . 6  
18.9 
19.9 
4.6 
4.5 
5.9 
0 . 0  
0 . 6  
0 . 6  
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Table 76. Percent types of crossovers for each plant of cross 
il-j in the 1968 calcium recombination experiment 
Calcium treatment Types of crossovers 
and plant number Non-crossovers Singles Doubles Triples 
100.00% 
1  8 0 . 0  1 5 . 5  3 . 9  0 . 6  
2  8 5 . 8  1 3 . 7 ,  0 . 5  0 . 0  
4 0 0 . 0 0 %  
1  7 8 . 7  1 3 . 7  6 . 1  1 . 5  
3  i  8 3 . 6  1 2 . 9  3 . 5  0 . 0  
1 6 0 0 . 0 0 %  
1  8 2 . 8  1 3 . 8  1 . 7  1 . 7  
2  8 4 . 5  1 4 . 5  0 . 9  0 . 0  
3 85.9 12.0 2.1 0.0 
25. 
6 . 2 5 %  
1.56% 
0.00% 
Checks 
1  8 3 . 9  1 2 . 8  3 . 4  0 . 0  
2  8 5 . 5  1 0 . 5  4 . 1  0 . 0  
3  8 2 . 1  1 5 . 1  2 . 8  0 . 0  
1  8 4 . 1  1 1 . 4  4 . 0  0 . 4  
2  8 3 . 0  1 5 . 2  1 . 8  0 . 0  
3  7 7 . 5  1 7 . 4  3 . 3  1 . 9  
1 77.8 16.1 6.2 0.0 
2  7 9 . 6  1 5 . 1  4 . 2  1 . 1  
3  8 1 . 5  1 6 . 0  2 . 6  0 . 0  
1  8 2 . 6  1 6 . 3  1 . 0  0 . 0  
2  8 2 . 8  1 4 . 6  2 . 1  0 . 5  
1  7 4 . 3  1 9 . 5  5 . 3  0 . 9  
2  8 5 . 7  1 0 . 7  3 . 6  0 . 0  
3  8 4 . 0  1 3 . 6  1 . 9  0 . 5  
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Table 77. Percent types of crossovers for each plant of cross 
#IIy in the 1968 calcium recombination experiment 
Calcium treatment Types of crossovers 
and plant number Non-crossovers Singles Doubles Triples 
100.00% 
2  8 0 . 0  17 .8  2 . 2  0 . 0  
400.00% 
2 84.6 11.7 3.7 0.0 
3 84.6 13.8 1.6 0.0 
1600.00% 
2 89.4 9.9 0.7 0.0 
25 .00% 
1 88.0 9.6 2.4 0.0 
2 86.4 12.7 0.0 0.9 
6.25% 
1 70.7 19.0 6.9 3.4 
1.56% 
0 . 0 0 %  
2 72.8 24.4 2.3 0.5 
3 78.8 17.1 4.2 0.0 
83.3 10.7 3.6 2.4 
2 86.7 10.6 2.1 0.5 
3 79.1 17.1 3.7 0.0 
Checks 
1 74.0 17.8 7.4 0.8 
2 78.7 19.7 1.6 0.0 
3 80.9 17.2 1.3 0.6 
190 
Table 7 8 ,  Dally maximum and minimum temperatures (°P) recorded 
at Agronomy Field Research Center, Ames, Iowa, for 
July, 1967 and 1968 
1967 1 9 6 8  
Date Maximum I Minimum Maximum Minimum 
1  86 6 5  75 53 
2 74 54 75 52 
3 6 9  46 78 50 
4 69 47 8 0  59 
5 72 , 48 8 2  6 1  
6  77 48 8 2  6 2  
7 8 1  51 84 63 
8  8 1  59 8 7  6 2  
9 82 65 87 6 2  
loa 86 65 79 54 
lib 8 5  67 8 5  58 
1 2  84 60 87 6 5  
13 80 52 88 64 
14 77 50 89 68 
15 78 53 89 70 
1 6  80 54 86 69 
17° 8 1  59 82 67 
1 8  84 6 0  85 68 
19 85 6 3  84 6 0  
20 86 64 84 59 
2 Id 88 64 91 6 5  
22 92 68 90 6 3  
23 91 72 83 68 
24 90 64 82 6 7  
25 87 60 84 6 2  
26 89 63 84 6 5  
2 7 .  76 63 83 66 
2 8  79 57 79 54 
29 86 59 81 55 
30 84 6 3  84 61 
31 85 6 3  81 61 
9-Actinomycin D injection date of cross #l2 in 1 9 6 8  
^Actinomycin D injection date of cross #Il2 in . 1968 
°Actinomycin D injection date of cross #I2 in 1 9 6 7  
^Actinomycin D injection date of cross #Il2 in I 9 6 7  
